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1 
IN THE MATTER OF COMPETITION ) DOCKET NO. U-0000-94-165 
IN THE PROVISION OF ELECTRIC 
SERVICES THROUGHOUT THE STATE ) COMMENTS OF TRICO 
OF ARIZONA ) ELECTRIC COOPERATIVE, INC. 

TRICO ELECTRIC COOPERATIVE, INC. ("Trico") joins in the comments filed 

pursuant to the Procedural Order of the Hearing Officer dated October 11, 1996, by 

Arizona Electric Power Cooperative, Inc., Duncan Valley Electric Cooperative, Inc., 

Graham County Electric Cooperative, Inc., and Sulphur Springs Electric 

Cooperative, Inc. (collectively, "AEPCO). 

GENERAL COMMENTS 

The Commission by entering Decision No. 59870 on October 10, 1996 

established clearly that it favored retail competition in Arizona. This should suffice. 

The Commission has no legal right to adopt such rules before the Arizona 

Constitution and statutes are amended to permit retail competition. In the event 

that the Proposed Rules are adopted by the Commission before such amendment, 

the Commission will be inviting unnecessary litigation by those who will take the 

position that litigation is necessary to protect their rights. 

In the leading Arizona Supreme Court case of Corporation Commission v. 

Pacific Greyhound Lines, 54 Ariz. 159,M 94 P.2d 443 at 450 (1939), the court stated: 

"Re-examining the meaning of section 3, supra 
[Article XV, Section 3 of the Arizona Constitution], in the 
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light of the other sections of the constitution affecting the 
question, and the language and reasoning of all of our 
decisions, we are of the opinion that the ’full power to 
* * *  make reasonable rules, regulations and orders, by 
which such corporations shall be governed in the 
transaction of business within the State’, qualifies and 
refers only to the power given the commission by the 
same section to ’prescribe just and reasonable 
classifications to be used, and just and reasonable rates and 
charges to be made and collected by public service 
corporation’, and that both under the direct laneuape of 
the constitution and the police DOW er inherent in the 
legislative - authoritv, the paramount power - to make all 
rules and regulations PoverninP D ublic service 
corporations - not specificallv and expresslv given to the 
commission bv some provision - of the constitution, rests 
in the legislature. - and it mav, therefore, either exercise 
such powers - directlv or delegate them to the commission 
upon - such terms and limitations as it thinks proper. The 
limitation set forth in section6, of chapter 100, supra 
[former A.R.S. 540-607 pertaining to certificates of 
convenience and necessity issued to motor carriers, 
repealed effective January 1, 19821, is, therefore, 
constitutional. The meaning and purpose of the 
limitation is clear.” (Emphasis supplied.) 

The Arizona Supreme Court recognized the continued validity of Pacific 

Greyhound, supra, as recently as in Corporation Commission v. State ex re1 Woods, 

171 Ariz. 286,830 P.2d 807 at 814 and 815 (1992), by the following statement: 

“ ... Pacific Greyhound has been precedent for over fifty 
years. Utilities, the Commission, and countless state 
officials undoubtedly have relied on that case. Although 
we examine such precedent critically in light of the history 
and text of the constitution, we do not readily overturn it, 
especially if it is possible to resolve the questions 
presented without disturbing that precedent. In the 
present case, therefore, we measure the Commission’s 
regulatorv - power bv the doctrine apparentlv established bv 
Pacific Grewhound and its progenv-that the Commission 
has no regulatorv authoritv under article 15, section 3 

2 
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except that connected to its ratemaking power. ” 
(Emphasis supplied.) 

Pursuant to Article XV, Section 6, the legislature enacted A.R.S. §§40-281, et 

seq. which are the bases of the doctrine of regulated monopoly with respect to fixed 

utilities in Arizona. Insofar as electric public service corporations are concerned, 

these statutes are now in effect and are the bases of regulated monopoly in Arizona 

at the prFsent time. The Court of Appeals, Division One in Tonto Creek Estates v. 

Corpovution Commission, 177 Ariz. 49, 864 P.2d 1081, 1088 (1993), stated: 

“The Constitution does not authorize the Commission 
to issue public certificates of convenience and necessity ... 

... 
The Constitution permits the legislature to ‘enlarge the 

powers and extend the duties of the Corporation 
Commission. ...’ Ariz. Const. art. XV, 6. In the area of 
certificates of convenience and necessity the legislature 
has, by statute, authorized the Commission to issue such 
certificates: 

... 
Issuing certificates of convenience and necessity is far 

from a plenary power of the Commission. To the 
contrary, it is a legislative power delegated to the 
Commission subject to restrictions as the legislature 
deems appropriate. ...” 

It is therefore clear that while the Commission does have plenary power with 

respect to rate-making, it does not have plenary power with respect to certificates of 

convenience and necessity or the effect thereof, that is, whether public service 

corporations are to be regulated under the doctrine of regulated monopoly or there 

is to be retail competition. The Commission has put the “cart before the horse.” 

The Commission, instead of including Proposed Rule R14-2-1616 relating to legal 

issues, should first determine the legal issues before adopting any rules which are 

3 
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presently contrary to the Constitution and statutes and adopt the proposed rules 

only after the Constitution and statutes permit retail competition. Adopting rules 

in anticipation of a change in the law is impermissible. Kennecott Copper Corp. v. 

Industrial Commission of Arizona, 115 Ariz. 184, 564 P.2d 407 at 409 (1977). 

SPECIFIC COMMENTS 

1. Trico and the other cooperatives joining in AEPCOs comments urge 

that Proposed Rule R14-2-1601(1) should be amended to delete from the definition 

of ”Affected Utilities” each of the cooperatives set forth therein and that R14-2- 

1604.H be amended to provide that the cooperatives file a status report with the 

Commission on or before December 31,1997, as set forth in AEPCO’s comments. 

2. R14-2-1607 should be amended as follows: 

A. Subsection A should be amended to read: 

”The Affected Utilities shall take prudent, feasible, 
cost-effective measures to mitigate Stranded Costs.” 

B. Subsections D and I should be deleted. 

Rule R14-2-1601(8) defines “Stranded Costs”. Subsections D and I purport to 

redefine this term causing an apparent conflict between Rules R14-2-1601 and R14-2- 

1607. It is well established by the appellate courts of this state that electric public 

service corporations have vested property rights protected by Article 11, Section 17 of 

the Arizona Constitution (and also Amendment V of the United States 

Constitution). Certain provisions in subsections D and I are completely irrelevant 

to determining the extent of damage that will be suffered by electric public service 

corporations in the event these vested property rights are impaired. 

3. 

follows: 

A new Rule R14-2-1617 should be added to the Proposed Rules as 

4 
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”Duplication - Prohibited. 

No duplication of existing electric facilities shall be 
permitted under this Article and no Certificate of 
Convenience and Necessity shall be granted by the 
Commission to an Electric Service Provider that will 
adversely affect the rights of an Affected Utility except to 
render services described in R14-2-1605 or R14-2-1606.” 

Another new section should be added to the Proposed Rules as R14-2- 4. 

1618 as follows: 

’No ImDairment - of Obligation of Contract. 

Any provision of this Article which, if complied with 
by an Affected Utility, would constitute a breach of an 
existing contract by such Affected Utility which is in effect 
on the date this Article is adopted, shall not apply to such 
Affected Utility.” 

Respectfully submitted, 

OCONNOR CAVANAGH MOLLOY JONES 

O’CONNOR CAVANAGH MOLLOY JONES 

33 N. Stone Ave., Suite 2100 
P.O. Box 2268 
Tucson, Arizona 85702 
Attorneys for Trico Electric Cooperative, Inc. 
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Original and 10 copies of the 
foregoing filed this 8th day of 
November, 1996, with: 

Docket Control 
Arizona Corporation Commission 
400 West Congress, #271 
Tucson, AZ 85701 

Copy of the foregoing mailed this 
8th day of November, 1996, to: 

Chairman Rem D. Jennings 
Arizona Corporation Commission 
1200 West Washington 
Phoenix, AZ 85007 

Commissioner Marcia Weeks 
Arizona Corporation Commission 
1200 West Washington 
Phoenix, AZ 85007 

Commissioner Carl J. Kunasek 
Arizona Corporation Commission 
1200 West Washington 
Phoenix, AZ 85007 
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Arizona Corporation Commission 
DOCKETED 
r#ov 0 8 1996 

STATE OF ARIZONA 
ARIZONA CORPORATION COMMISSION 

IN THE MATTER OF THE COMPETITION 1 Docket Nom 
IN THE PROVISION OF ELECTRIC 1 
SERVICES THROUGHOUT THE STATE 1 
OF ARIZONA 1 

COMMENTS OF THE CENTER FOR ENERGY AND 
ECONOMIC DEVELOPMENT ON STAFF DRAFT RULES 

Pursuant to Decision No. 59870 issued by the Arizona 

Corporation Commission on October 10, 1996 and the Procedural 

Order issued on October 11, 1996, the Center for Energy and 

Economic Development (llCEED1l) submits these comments on proposed 

rules R14-2-1601 through R14-2-1615 in the above-captioned 

docket. 

CEED previously filed comments on the staff drafts of these 

rules dated June 27, 1996 and September 11, 1996. In these 

comments, CEED opposed the provisions for a solar portfolio 

standard that appears in proposed R14-2-1609. CEED continues to 

oppose these provisions for the reasons set forth in our previous 

comments. For ease of reference, we are attaching and refiling 

these comments herewith. 

In brief, the solar resource portfolio must be rejected 

because (a) to CEEDIs knowledge no information has been produced 

concerning the cost to ratepayers and the Arizona economy that 

would result from adoption of such a portfolio requirement; (b) 

in fact, those costs would be very high; and (c) there is no 
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economic or environmental reason that could possibly justify the 

cost burdens associated with such requirement. 

CEED appreciates the opportunity to submit these comments. 

Dated: November 8, 1996 

2 
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STATE OF ARIZONA 

DoQIJiiLk;; , ARIZONA CORPORATION COMMISSION 
'3 C! T J q  Request for Comments on 1 

Electric Utility Restructuring 1 DOCKET NO, U-0000-94-165 

COMMENTS OF THE CENTER FOR ENERGY AND 
ECONOMIC DEVELOPMENT 

I Introduction 

The Center for Energy and Economic Development (CEED) 

submits these Comments in response to the Request for Comments on 

Electric Utility Restructuring issued by the Arizona Corporation 

Commission staff on February 22, 1996 and as modified on April 

23, 1996. 

CEED is a non-profit organization formed by the nation's 

railroads, coal producing companies, a number of electric 

utilities and related organizations for the purpose of 

participating in state and regional regulatory proceedings 

affecting the utilization of coal by electric utilities. CEEDIs 

members include coal producing companies that sell coal to 

Arizona electric utilities and railroads that transport that 

coal. 

As an initial matter CEED takes no position as to whether or 

not the electric utility industry in Arizona should be 

restructured. CEEDIs view is that, if restructuring occurs, it 

should be fuel and resource neutral. In other words, 

restructuring should be accomplished in a way that does not favor 
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any one method of generation over any other nor any one type of 

fuel for generation over any other. All types of electric 

generation should compete on a level playing field. 

Our comments focus on staff's questions with respect to 

environmental quality in a restructured industry and efforts this 

Commission should make with respect to renewable resources. 

11. Environmental Oualitv in a Restructured Industrv 

There is no reason environmental quality should or will 

suffer in a restructured industry and every reason to suppose 

that environmental quality will improve. Environmental quality 

will not suffer because the nation is governed by a stringent 

system of environmental laws and regulations which will, of 

course, continue to be in effect whether or not Arizona 

restructures the electric industry. 

improve because the principal benefit of restructuring will be 

lower electric rates, which will increase the electrification of 

Environmental quality will 

the American economy and reduce the emissions of pollutants into 

the air. We discuss both of these points in more detail below. 

Should be Relied on bv this Commission in a 
Restructured Electric Industry to SUDD~Y the Deuree of 
Environmental Realation Society Deems Necessary. 

A. The Nation's Environmental Realatom System Can and 

The cornerstone of national air quality policy is the 

National Ambient Air Quality Standards (NAAQS). Congress has 

directed the United States Environmental Policy Agency (USEPA) to 

establish primary NAAQS for air pollutants at a level that USEPA 

determines, based on a review of all scientific evidence and 

allowing "an adequate margin of safety," are requisite to protect 

2 
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public health. 42 U.S.C. 5 7409(b) (1) . Congress has also 

directed USEPA to establish secondary National Ambient Air 

Quality Standards to protect the public welfare from any known or 

anticipated adverse effects associated with the presence of an 

air pollutant in the ambient air. 42 U.S.C. 5 7409(b)(2). In 

promulgating the primary and secondary NAAQS, the USEPA uses an 

elaborate process of funding scientific research, reviewing 

scientific studies, having its work reviewed by independent 

experts, and then asking for public comment. 

The pollutants regulated under the primary and secondary 

standards (sulfur dioxide, NO,, carbon monoxide, suspended 

particulates, ozone and lead) are called "criteria" pollutants -- 
the name taken from the elaborate criteria document that USEPA 

must prepare to establish these national standards. 42 U.S.C. § 

7408. This document lists the health and social welfare effects 

of each pollutant. The relevant scientific literature is 

reviewed, in detail, in this document in order to determine the 

lowest pollution levels that lead to health effects. This 

criteria document is reviewed by the Clean Air Scientific 

Advisory Committee (CASAC), a group of independent experts 

(generally from universities and research institutions). 

addition, USEPA invites public comment on the proposed air 

quality standard and supporting literature. 

elaborate and consumes thousands of professional days over 

several years. 

In 

This process is 

The primary standard is set not simply at a level 

3 
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which avoids health effects but at a much lower level to provide 

an adequate margin of safety. 

Congress has further controlled the emission of these 

pollutants, among other things, by requiring specific standards 

of performance for new stationary sources which apply to new 

utility power plants. 42 U.S.C. I 7411. 

Pursuant to the Clean Air Act, state legislatures have 

adopted state plans to implement, maintain and enforce the 

primary and secondary standards and related Clean Air Act 

requirements in each air quality control region of the state, and 

have established appropriate state agencies to carry this out. 42 

U.S.C. § 7410. These State Implementation Plans (SIPs) establish 

requirements to bring state air quality into compliance with the 

USEPA NAAQS for regions of the state that are presently out of 

compliance, and they establish requirements to maintain air 

quality for regions of the state that are in compliance. State 

agencies are given authority to administer the SIPs, including 

permitting systems for major sources of air emissions. 

Any electric generating station in Arizona is required to 

obtain such an air quality permits. 

each plant meet specific limitations on emissions so that 

operation of the plant does not cause a violation of the NAAQS. 

These permits require that 

Severe sanctions are authorized in the event that a plant 

violates its air quality permit. 

In addition to the system just described, the Clean Air Act 

imposes special requirements for the emissions of sulfur dioxide, 

4 
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an acid rain precursor, and NO,, an ozone precursor. The Act 

created a nationwide cap on emissions of sulfur dioxide. Any 

plant emitting sulfur dioxide must obtain emissions credits to 

assure that the nationwide cap cannot be violated. 

competition, thus, cannot lead to an increase in sulfur dioxide 

Retail 

emissions. 

With respect to NO,, the Clean Air Act established specific 

dates to bring ozone non-attainment areas into compliance, 

ranging from November 15, 1993 for vf[m]arginalvl areas to November 

15, 2010 for n~[e]xtreme~~ areas. 42 U.S.C. 8 7511. The statute 

prescribes comprehensive regulation to protect against ozone 

nonattainment -- envisioning controls not just over electric 
powerplants but rather over a wide range of sources and ozone 

precursors. 42 U.S.C. 7511a, 7511b, 7511f. Congress also 

provided specific procedures controlling interstate transport of 

ozone. 45 U.S.C. 5 7511c. In addition to all of the above, 

Congress has established an Acid Rain NOx Emission Reduction 

Program from coal-fired electric utility units. 42 U.S.C. § 

7651f. 

USEPA has promulgated rules setting NOx emission limits for 

a large number of utility powerplant units, listed in 1990 by 

Congress at 42 U.S.C. 5 7651c, Table A ("Phase I units"), and for 

certain other units which are dry bottom wall-fired and 

tangentially fired boilers ("Phase 11, Group In). 60 Fed. Reg. 

18751 (Apr. 13, 1995). On January 19, 1996, USEPA proposed rules 

which would implement the second phase of the Acid Rain NOx 

5 
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Reduction Program. 61 Fed. Reg. 1442-1480. In its January 19, 

1996 proposed rule, USEPA states that it expects its April 13, 

1995 regulation, by the year 2000, "to nationally reduce NOx 

emissions by an estimated 1.54 million tons per year." 

Reg. 1442 (emphasis added). 

61 Fed. 

In sum, the nation and Arizona already have in place a 

stringent system of air quality regulation which is designed to 

attain clean air throughout the nation. Under this system, no 
provider of electricitv will be able to build new fossil 

aeneration unless the environmental reaulators decree that the 

plant will oDerate in accordance with the nation's environmental 

laws. 

environmental regulation as it determines whether and how to 

restructure the electric utility industry. 

The Commission can and should rely on this system of 

B. Low-Cost Electricity is the Best Environmental Policv. 

The key environmental issue in connection with restructuring 

is likely to be the effect restructuring will have on air 

emissions. CEED strongly recommends that the Commission consider 

the impact restructuring will have on emissions both at the point 

where electricity is generated and at the Doint where electricity 

is used. 

will yield incomplete and, we believe, inaccurate results as to 

the environmental impact of electric restructuring. Examining 

impacts on a "full fuel cycleI1 basis, in contrast, will lead to a 

more realistic assessment of those impacts. 

Examining emissions only at the point of generation 

6 
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In particular, the Commission must keep in mind that a key 

purpose of restructuring is to bring downward pressure on 

electric rates by increasing customer choice. 

rates as a result of restructuring will likely result in 

Lower electric 

increased consumption of electricity. Such increased electric 

consumption will lead to two impacts on air emissions. There 

will be increased emissions at the point where electricity is 

generated to the extent fossil-fueled generators supply all or 

part of the increased consumption. But there will also be a 

reduction in emissions at the point where electricity is used, as 

electricity is substituted for fossil fuels as an energy input in 

a variety of residential, commercial and manufacturing 

applications. The net effect will be a lowering of emissions. 

An analysis of how electricity is used reveals why increased 

electric consumption will reduce emissions in Arizona. In the 

real world, electricity competes with other types of fuels, 

primarily fossil fuels, for use as energy inputs in commercial, 

manufacturing and industrial processes. As the price of 

electricity is reduced, electricity becomes more competitive with 

these other types of fuel. Lower cost electricity will lead to 

the substitution of electricity for these other types of fuels. 

As is now well-documented, electricity is much more 

efficient than other types of fuels in end use processes. m, 
u., EPRI,  IIElectricity for Increasing Electric Efficiency," 

EPRI Journal, 1992. As a result, the use of electricity in 

homes, businesses and industries results in lower emissions than 

7 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
8 
I 
I 
I 
i 
I 

the use of competing fuels takina into Consideration the 

emissions resultiinu f rom aeneration o f  the electricitv. Thus, 

the availability of low-cost electricity will likely lead to end 

users switching from fossil fuels to more efficient electricity 

with a net reduction in emissions. 

The economic firm of Mills, McCarthy 61 Associates in its 

1992 Report "Sustainable Development and Cheap Electricity" 

demonstrated that the key to reducing overall societal emissions 

is to maintain low electric prices. It found that policies that 

reduce electric prices will result in lower overall emissions. 

It concluded (pp. 1-2) as to CO, emissions, in results that apply 

equally to NO,, SO, or any other kind of fossil fuel-related 

emission, that: 

0 In 1991 for the first time in history, the 
industrial, commercial, residential (ICR) 
sectors which drive the economy consumed the 
major share (51%) of their fuel as 
electricity. By 2010, over 63% of the ICR 
energy will be consumed as electricity. In 
1970 only 32% of all ICR energy consumption 
was in the form of electricity. 

In 1970 the ICR sectors spent about $150 
billion to buy fuels, and $88 billion to buy 
electricity (1991$). By 1991 the pattern 
reversed: expenditures on fuels dromed to 
$112 billion, purchases of electricity rose 
to $180 billion. Electricity replaced fuel 
burning in the marketplace and supported a 
60% growth in the nation's economy. 

0 Coal power plants provided 60% of the 
increased use of electricity since 1970, and 
are projected to supply over 50% of new 
electric demand over the next two decades. 

0 Despite rapidly rising coal use to support 
electric and economic growth, total U . S .  CO, 
emissions have dropped from 4 pounds/$GNP in 

a 
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1970, to about 2.7 pounds in 1991, and will 
fall below 2 poundP/$GNP by 2010. 

The association of reduced CO, emissions/$GNP 
and increasing coal consumption is not 
coincidental -- it is causal. 
emissions are a primary consequence of 
improved overall energy efficiency, and 
energy efficiency gains are a direct result 
of electrification. Since 1970, for every 
single kilowatt-hour of new demand there has 
been a net reduction in CO, emissions of 3.6 
pounds. 

Reduced CO, 

The Mills, McCarthy report went on to conclude that: 

The driving force behind improved CO, efficiency 
is revealed in examining the role of 
electrotechnologies. As the economy has switched to 
electric processes for pivotal productivity and 
economic benefits, electrotechnologies brought net 
reductions in CO, ranging from 0.5 lbs to 60 lbs of CO, 
per kwhr. The economical and ecologically beneficial 
use of kilowatts has been documented extensively. 
Examples are found in every aspect of the economy, 
ranging from cooking, materials processing and metals 
fabrication, ink and paint drying, to transportation 
and even solid waste recycling. 
involve burning fuels: using electrotechnologies 
instead eliminates CO, emissions associated with such 
burning. 
taking into account emissions from a power plant needed 
to produce the electricity. CO, savings arise from the 
fact that electrotechnologies are more efficient than 
their fuel-burning equivalents. 

The Mills, McCarthy report details a variety of uses of 

These activities often 

The net effect is fewer CO, emissions even 

electrotechnologies in industrial and manufacturing processes 

that will result in increased efficiency and reduced emissions. 

A copy of the Mills, McCarthy report is attached. 

In addition, we attach a copy of the Mills, McCarthy report 

"Does Price Matter?" demonstrating the benefits of low cost 

electricity throughout the economy. 

9 



In sum, as Arizona's economy grows in the future, the key to 

controlling emissions is to implement policies that reduce the 

price of electricity. 

is priced low enough so that at the point of use consumers are 

encouraged to utilize electricity as an energy source rather than 

to switch to other less efficient fuels. 

therefore, should be careful as it considers restructuring not to 

take steps that will artificially increase rates and retard the 

environmentally beneficial electrification of the economy. The 

best environmental policy is low electric rates, 

The key is to make sure that electricity 

The Commission, 

111. Renewable Resources 

Staff inquires as to how restructuring can be devised so as 

to encourage renewable resources, The Commission needs to be 

careful, if it undertakes restructuring, not to undermine the 

main benefit of competition - low electric rates - with policies 
that increase rates because of a desire to subsidize renewable 

resources. CEED believes that, under any regulatory scenario, 

renewable resources are likely to play only a minor role in the 

nation's energy portfolio for the foreseeable future. The 

problem for renewable resources, and particularly solar 

resources, is that they are not economically competitive with 

traditional resources. In addition, it is unlikely, absent a 

major and unforeseen technological breakthrough, that renewables 

will ever be available as a significant source of baseload 

electric generation. 

10 
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We attach a study by the firm of Resources Data 

International (RDI) entitled "Energy Choices in a Competitive 

Era", which points out some of the major difficulties of 

renewable generation. The RDI study makes the following key 

conclusions: 

Under current levels of tax incentives and regulatory 
support, renewable energy (excluding hydro 
technologies) is projected to grow from its current 2% 
of all U.S. electricity generation to 4% by 2010. Such 
an increase in market share will occur at a cost of 
about $52 billion (in 1995 s \  above today's cometitive 
power alternatives. 

With open and direct competition in electricity, 
generation from renewable energy could shrink to just 
1% of U.S. electricity in 2010. 

Even with the imposition of exceptionally aggressive 
subsidies from public and private sectors, renewable 
energy would provide a maximum of just 11% of the 
nation's electricity by 2010. 
increase would cost taxpayers, consumers and/or 
utilities about $203 billion (in 1995 $) in subsidies 
between now and 2010. 

Such an ambitious 

All renewable resources have technological or 
logistical obstacles that limit their ability to 
produce and provide reliable electricity to the grid -- 
obstacles that cannot be overcome, even through the use 
of subsidies. 

Approximately 71% of non-hydro renewable generation 
serving the grid currently comes from combustion 
technologies -- not wind, solar or geothermal 
processes. Outside California, n early all existinq 
renewable aeneration servinu the arid comes from 
combustion technoloaies. 

All electric generation technologies, including 
renewables, present adverse environmental impacts. 

Because renewables and natural gas occupy similar 
dispatch positions, gains in generation share by 
renewables will tend to displace growth in natural gas 
generation, and similarly, losses in renewables will 
tend to go to natural gas. 

11 
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Despite government incentives and private sector 
subsidies, renewable resources cannot replace fossil 
fuels in the nation's generation mix. Coal will re main 
the baseload fuel of ch oice. sunnlvina m ore than half 
of all electricity ae neration in 2010, even assuminq 
aaaressive subsidies for renewables. (Emphasis in 
original.) 

In sum, the prospects for renewables resources should not be 

a determining factor for the Commission as it decides whether and 

how to restructure the electric utility industry. At least for 

the foreseeable future, renewable resources will not represent a 

substantial part of the electricity generation mix no matter what 

action the Commission takes. 

IV. Conclusion 

As the Commission considers restructuring, it should not 

undertake policies that undermine the main benefit of increased 

competition - lower electric rates. The nation's environmental 

regulators should be relied on to supply the degree of desired 

environmental regulation: lower electric rates , in of itself , 
will increase environmental quality. In addition, the Commission 

should not undertake policies that increase rates in order to 

stimulate renewable resources. 

Dated: June 27, 1996 
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SUSTAINABLE DEVELOPMENT 
& 

CHEAP ELECTRICITY 
EXECUTIVE SUMMARY 

The economy and the environment inmasingly appear to be in competition. This is most 
smlang in the elecmcity sector where programs around the nation arc discouraging cr have 
discouraged elecmcity consumption ostensibly in order to improve energy efficiency and 
minimize environmental impacts. While there arc sensible and economically viable 
programs to promote the more efficient use of electricity, such activities have all too often 
been mistakenly interpreted to mean that overall electric usc should be discouraged. 

hstorical technical and economic evidence reviewed in this analysis shows that the ovcrall 
effect of declining electricity costs and rising electricity use is beneficial 
both for the economy and the environment. This analysis reveals the fact that 
economic growth over the next two decades could be accelerated with low-cost electricity. 
And while the increased use of coal is inextricably linked to low-cost elecmcity, the 
remarkable efficiencies of the elecmcity-using technologies that will be replacing fuel- 
burning technologies in &e marketplace morc than offset emissions from coal-fd power 
plants -- so much so that one can expect substantial reductions in the emissions of carbon 
&oxide (the principal gas implicated in the global wanning theory). 

The economic and environmental importance of low-cost electricity is highlighted by the 
following facts wbch illustrate the transition to an economy dominated by elmxicity : 

In 1991 for the first time in history, the industrial, commercial, residential (ICR) 
sectors which dnve the economy consumed the major share (51%) of their fuel as 
electricity. By 2010, over 63% of the ICR energy will be consumed as electricity. In 
1970 only 32% of all ICR energy consumption was in the form of electricity. 

in 1970 the ICR sectors spent about SI50 billion to buy fuels, and S88 billion to buy 
electricity (1991s). By 1991 the pattern rtvcrsed. expenditures on fuels to 

$1 12 billion, purchases of electricity rose to S180 billion. Electricity replaced fuel 
burning in the marketplace and supported a 60% growth in the nation's economy. 

Coal power plants provided 609b of the incrcascd use of tlecaicity since 1970, and are 
projected to supply over 50% of new elecaic demand over the next two decadts. 



I 
emissions have dropped from 4 poundsffiNP in 1970, to about 2.7 pounds in 1991 

and will fall below 2 poonds/$GNP by 2010. 

not coincidental -- it is causal. Reduced 
The association of redxed C@ emissions6GNP and increasing cod consumption i 

improved overall energy efficiency, and energy efficiency gains are a dinct nsult o 

elecmfscation. Since 1970, for every single kilowatt-hour of new demand then ha 
been a 

emissions are a primary conwquence 0 1 
L 

productivity and economic benefits, electrotechnologies brought net reductions in C d 
beneficial use of kilowatts has been documented extensively. Examples arc found in cv 4 

II 
I 
I 

4 
Ovtr SI trillion more economic activity in 2010: nearly WOOO/yr more for ev 4 

4: 

reduction in C@ emissions of 3.6 pounds. 

The driving force behind improved C@ efficiency is revealed in examining the role o I 
electrotechnologies. As the economy has switched to electric processes for pivot 

ranging from 0.5 lbs to 60 lbs of C@ per kwhr. The economical and ecological' 

aspect of the economy, ranging from cooking, materials proctssing and metals fabrication, 
ink and paint drymg. to transportation and even solid waste recycling. These activitii 
often involve burning fuels; using elccnatechnologies instead eliminates C@ emissions 
associated with such burning. The net effect is fewer C@ emissions even taking in 
account emissions from a power plant needed to produce the electricity. C@ savings ari 
form the fact that elecmtecnnologies an m a t  efficient than their fuel-burning cquivden 

Lowering the price of electricity would stimulate a classic economic response of grea 
demand. It would also stimulate the use of new electrotechnoiogits in vast areas 

industrid processing where price sensitivities are highest. This analysis finds that lwenn 
electricity costs to an achievable national average of 5.9e/kwhr (1991s) in 2010 inst 
the projected 7.2ekwhr in 2010 (currtnt average is 6.9~kwhr) would result in: 

American cititcn in that year. 

An accelerated i n d u c t i o n  of hundreds of revolutionary, highly productive, en 
efficient technologies, and therefore more jobs and grtatcr U.S. wmpeauveness. 

new elecuicity is coal-fd as now project&. (And n d y  1 billion tons net r e d u d  
in total U.S. 

I 
A net in U.S. C02 emissions of over 1.3 billion tons pcr year if half of B 

emissions even if all the new elecaicity wtlt coal-f-) 
808 I 
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SUSTAINABLE DEVELOPMENT 
& 

CHEAP ELECTRICITY 

I INTRODUCTION I 
The purpose of this report is to explore the issues underlying a growing tension between 
the need to stimulate economic development, and programs to improve the environment and 
energy efficiency. The tension between these two sets of goals is readily apparent in the 
electricity policy arena where utilities arc frequently encouraged, or required, to avoid 
practices that promote the use of electricity. 

The motives which underlie the mnd towards avoiding clccpicity consumption seem, at 

fmt glance, indisputably correct. Minimizing elecmcity use reduces fuel consumption and 
the environmental impacts associated with power plants (notably coal). And minimizing 
elecmcirj consumption, a.k.a elecuiciry efficiency, would appear to have the twofold 
economic benefit of enhancing savings in electricity purchases, and avoiding the costly and 
sometimes politically painful process of building new electric power plants. 

The proposition that using less electricity mans that less money is spent buying electricity 
has superficial appeal. But measures that raise electricity prices to reduce demand have not 
demonstrated overall reductions in elccuicity bills OT overall economic benefits. However, 
the realities of technology progress and the marketplace an far mort complex. It is 
possible. indeed likely, that fiscal and policy prc-occupations with elecuicity efficiency axe 
economically counterproductive: The list of imparrant electricity-using technologies is 
virtually limitless. Depressing their use -- i t . ,  avoiding electricity consumption - would 
be economically myopic and hardly justify the meager savings in purchased elecmcity. The 
act of avoiding purchases of electricity cannof on average, be a signifxant c c o d c  
benefit Total annual U.S. expenditures on electricity amounts to barely 4% of the national 
economy.1 Electricity's relevance is not anchored in simple purchase costs, but in that it 
permits businesses, industries and home owners to do remarkable things - a basic fact 
often lost in the c m n t  debate. 

* Cdcul8uon: -ox. 55 aillion economy. 2.7 trillion k w b  purchased @ rvg. 7Cntwhr. It is ofam 
no& thu the cost of burldmg power pluru u m eammuc bwdcn. Ihu m y  k me. but it is 
ureievurt smce all costs ux~rucd  with buildmg md apauml power plmu arc ulwnately 
m l u d d  tn the cost of the clecprclry pvidod;  
oconormc problem IS UI effect 8 doubk c011llllly of rhc gannau unp.cl of clamc powh. 

power p h t  finmcmg u 8 Kpltur 



Of course, building power plants has been a painful experience for some organizations. I 
I 
I 
i 
I 

economic growth while at the same h e  preserving the environment and improving t I 
I 
I 

Many have leaned how to do it better. Others will avoid doing so at all costs in the future. 
contracting the osk out in a surrogate fashion via power purchase contracts: Some analysts 
and poticy maken an taking the position that building power pAnurts should k avoided a 
priori. For example.9 a recent Office of Management and Budget (OMB) memorandum 
takes the Bonneville Power Adminismition to task for a plan that crcatcs the possibility of 
increased electric load.' The O m ' s  inurprctation of the National Energy Suactgy appear 
to be that increased electricity use is not consistent with economic growth and increased 
overall energy efficiency. 

Surely the nation and the economy would be be= sewed by policies which focus first on 

efficiency -- "sustainable development" with the emphasis an development And, if it m s  
OU; that such economically-orienud policies result in a need for more power plants, why 

should this k considered bad? 

The basic thrust of this report is that an ideologically agnostic t l b c i t y  policy that 
promotes economic development wil l  achieve energy efficiency and cn\irOnmental goals 
a result pf incrtased demand for eitcoicity. 

696 

I 
li 
I 

2 -  August 10.1992, -0MB Hi DOE for -ing Gas Use." 
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I 
I BACKGROUND I 
Managing the usc and alleged over-use of electricity is a central themc in many of the 
cumnt energy and environmental manifestos. Pricing elecuicity "comctly" - i.e., 
increasing its price - thereby reducing electricity consumption is held out as a vital pan of 
regulatory and utility policy in order to save energy and help the environment. Ptrhaps this 
-philosophy is best epitomized by one recent study's title: 

"Stabilizing Electricity Production and Use: Barriers and Saategies."3 

The mason for this goal? Environmental activists appear to have figured something out that 
many policy makers and energy plannen haw no& or at lcast ignore: economic growth and 
elecuicity use arc intimately linked. The logic chain that springs from this is clear: 

People like economic growth, but ... 
+ economic growth spurs elecuicity consumption 
+ electricity growth increases fuel use at power piants 
+the major share of elecuicity is made with coal 
+coal emits more carbon dioxide than any other fuel 

Thus with the environmental community's cumnt pressure to address carbon dioxide 
emissions because of the global warnring theory, the question of the day appears to be: 

How docs one decouple economic growth and electricity growth?" 

This is the wrong question. The correct questions a: 

a) "How does one stimulate the economic growth associated with rising 
electricity consumption?" 

And, scconchily, but importantly 

b) "What effect would economically driven eknicity pohcies have on national 
energy efficiency and carbon dioxide r m i s s i ~ n s ? * * ~  



I The answer to question b) is found later in this analysis. F i n t  we consider the answer to 

question a). since it is readily apparent: Jnwtr the price of elecnicity. bwering eiecmcity 
prices is at the hcan of a nascent revival of an old policy: state regulators supporting 
policies that provide clecmc rate discounts in order to stimulate depressed local 

I 

I 
B 
I 

The essential economic theory behind policies to lower dccmc rates is rooted in two basic I 
I 
I 

There is an impiicit economic theory behind p r o g r a m s  attempting to stimulate the economy 
via lower electric rates. The theory is not based on the suaightfonuard impact of lower 
prices. Electricity discounts arc llpf intended u) stimulate the cc'c;nomy arising from the 
relatively &st funds &e available from the savings in &d electricity purchases. 
is possible to confum that such direct bcncfig arc relatively small by calculating the effect 
of a hypothetical 1 Lkwhr subsidy on all of the nation's elec&y consumption. This 
would generate purchase savings equal to about 0.5% of the total economy.6 

principals, one obvious, the other less so: fmt, lowering the price of elmxicity (or any 
item) will result in increased consumption. second, incrcas~d electricity use mates 
increased economic gmwth. 

The first observation is an indisputable basic tconomic fact relating to elasticities of 
demand. In fact the inverse of this -- increasing elecuicity prices to decrease 
-- is a core god of many environmental organizations energy plans? 
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The second statement is less well rccOgniZcd Yet, marly six ycars ago the National 
Academy of Sciences reached a profoundly imponant conclusion in its study of elecPicity 
and the ecmomy.* 

'To foster inme& productivity. policy should stimulate incrrased efficiency of 
electricity use, the unplenrntation of ' whentheyylc 
economically justified. and seek to the real costs of e lmc i ty  supply." 

[emphasis added] 

The essential reasons for the National Academy of Science's (NAS) conclusion can k seen 
in the basic mnds that have occurrcd ovet the decades following World War II (See Figure 
1 ). The basic uack of energy use, elecuicityand the GNP make it clear that 

elecnicity must play a role in the economy -re imporrant thanfiat of a simple fuel. 

f' - 

.. 

The NAS reached another closely related conclusion. Productivity growth, the anchor of 
economic health and international competitiveness, most rapidly during periods 
of decreasing electrimy pnccs. Increases in elecuicity prices have ken an important factor 
in slowing U.S. productivity growth. the NAS concluded.9 

And yet, many of those who express concern over the U.S. economy and U.S. 
competitiveness arc the same ones who arc promoting policies to increase the price of 
electricity. Policies to increase electricity prices arc however, masked under the rubnc of 
ensuring that consumers pay for the "full" cost of electricity, or the so-called externality 

costs. 

The most praninent environmental externality currently cited and debated is that of carbon 
dioxide (Ca) emissions. This arises from the role of C@ as the primary contributor in 
the global warming thecny. Policies and programs intended to address (2% emissions 
must COnfiWlt an obvious relationship between electricity and the fuels needed to provide it. 
Coal has b a n  the dominant source of electricity for decades (see Figure 2). and in fact coal 
UK has now reached record levels. supplyng nearly 55% of al l  the nation's electrical 
needs. 

8 - G ~  w b  A Repan prrprrod by the Commraee on Elaaicity in Economk 
Grow&. Energy Engurcmng B o d  Conrmiulon an Eagmeenng md 'fcchnrcrl Systems. Nuionrl 
Resareh Council. N u i d  Acdmry Res. 1986. p xvi. 

9 ~ m w h  p. xviii. 

. .  
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Because burning coal nle'ases more Carbon diode per Unit Of energy r h  does any other - 

fuel, concerns over global waxming make electricity consumption a pnme target. 

According to many tnvhnmendists, electricity growth must be slowed or stopped, 
C@ emission will rise. ?he market must be sent the "right" signals -- Le., increase the 
price of electricity to discourage its use, and thereby d u c e  the consumption of coal. 

A low C02 future, we arc told, is only possible through policies that limit elecmcity use. I 
The economic implications of such a path are ameliorated by the anemic logic of savings in 
elecmcity pwhases and the overall benefits of a more efficient society. Dots the historic 
record. however, substantiate the worry that rising electricity use necessarily conmbutcs to 
poor overall energy efficiency and rising C02 emissions? The answer is no. as we shall 
see in the following section. 

I 

I 
I 
I 
I 
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Figure 2 
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What docs the future hold? It is the practice of many prognosticators to deal in two dccadc I 

I 
1 

projections. This is a time period during which it is possible to anticipate at least the broad 
scope of trends. While inmguing information can be exuactcd from the long term trends I 
illustrated in Figures 1 and 2. it is difficult to apply the lessons dircctly because so many 

unpredictable technical. social and political events can unfold over such a long period. 

The two decade period is simply mort manageable and reliable. It is also a period of * h e  
for which events in history retain significant relevance as predictors of future possibilities. 
Unfortunately. many prognosticators have been ignoring the lessons of the past two 

decades. 

I 
I 

Figure 3 illustrates a now familiar historic mnd in which one can see that electicky ami 
GNP growth appear to be tightly correlated. Energy grow& on the other hand. is not 
strongly tied to GNP growth. Figure 3 is one of the basic indicators supporting the 
National Academy of Science's conclusions, cited earlier, regarding the importance of 
electricity to GNP growth. 

I 
The trends Seen in Figure 3 suggest two questions that arc the core issues explored in this 
analysis. 

What economic effect would arise from a goal of lowering electricity prices -- LC., 

an aggressive nation& mnd towards economic development raus?12 

What is the likely environmental effect, specifically the change in C@ emissions, 
of a policy to stimulate eiccmcity growth, particularly considering the dominant ro 
of coal-fired generation? 

- 1  
I 

As previously noted, reducing elccuicity p i a s  will Cnrainly increase demand. Setting I 
m 

aside the economic implications of such an went, this would appear to be in conflict With 
environmental goals. Figure 3 already suggests to somc that electricity growth is "out of I 
control." Increasing electricity consumption, rather than dtcrtasing it, is something of grrat 

1 
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concern to those who believe that limiting coal consumption is an unpomnt carbon dioxide 
miriganon suiittgy. 

. .  

- .  

Regardless of one's views on the debate over global warrning '*, it is clearly imponant 
to understand the role of coal given its the dominant position in supplying the nation's 
elecaiciry. Coal has supplied nearly 60% of all new elccuicity supply over the past two 
decades.13 Coal is also projectcd,to be the source of at least 50% of all new eiecmcity 
supply for the next two dccad~s.1~ 

Dots rising electricity and coal use inevitably mean greater Cq emissions? Figurc 4 

suggest the answer is "no." 

As Figure 4 shows, coal use has risen sharply, nearly 6096, over rhe past 20 yeus. Yet, 
total C@ emissions are barely 10% g~catcr.15 And emissions of W G N P  (measured in 
constant 1982%). perhaps the most impanant practical mcasurtmtnt, have actually declined 
over 35%. In other words, the U.S. economy has expanded and C@ efficiency has 
improved dramatically despite the fact that coal-frrtd el&city has been the primary fuel 
for economic growth. 

This 20-year record does not support projections of rising C@ emissions inevitably arising 
with a growing economy. The phenomenon that has driven the trend of rising electricity 

l 3  As the table below summanw. over h e  past two Ilrruln, here has been a gross increase m 
generation of 1.473 bilkon kwhrs collecuvely from cod. nuckar. hydro and orhcr d1 )ourccs. 
offset by a net decrease of 182 billion kwhn h n  natural gas md oil gene~um. yiekiiig  ne^ 
growth UI coruumpllon af 1.291 billwn kwhn. Of d l  
rrcounlsd for 57%. Dau from Annrul+pgpy R n  iew, May 1991. 

of supply that U I C ~ ~  cod 

Changes UI EkcPiciry G e n a ~ ~ o n  
(billion k w h )  

1970 704 373 184 22 248 1 1523 
1991 1549 264 111 613 276 10.1 2823 
1991-70 +E45 -109 -73 +591 +28 +9.1 +1291 

l4 h h  July 1991. 
Changer UI EkColC~ty Gmauta 

(-1 
N. Gas 

1990 16.06 2.93 1.3 6.14 3.71 1523 
201 0 22.6 5.72 1.7 6.67 6.U 28 23 
2010-'90 +6.54 +2.8 +0.4 4 . 5  +2.s +12.8 
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use and decline C02/$GXP, summ+zcd in Figux 5, is critical to considering future 
projections and policies. 

Before exploring the speciftc factors mating this phenomenon. we explore first the 
economic implications and opportunities in the modcrn elccuified economy. 

I 
1 
I 
I 
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Figure 3 
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Figure 4 
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THE TRANSITION TO AN ELECTRICITY-DOMINATED ECONOMY 

The economic opportunities and risks associated with electricity policy and pricing arc more 1 
important today than at any t i e  in history. This is because a critical transition has taken 
place during the past two decades. 

As illusuated in Figure 6. for the first time in history, the sectors dnving the economy - 1 
the indusmal, commercial, residential (ICR) sectors -- consumed the major share of their 
fuel in the form of elecmcity.16 The Crossover o c c d  in 1991 when 51% of all the 
primary energy consumed by the ICR sectors was used first by utilities to generate 
eltcmcity.17 

The transition to an elccmcky-dominated economy is not expected to rtversc itself. even 
within the context of cumnt conventional projections for elcCaicity and energy growth. 1 
According to the Energy Information Administration, by 2010 over 63% of the total ICR 
energy will be consumed try utilities in order to p v i d e  elecuicity to businesses. homes 
and indusuy.l* The speed of this uansition is appaxent in the fact that in 1970 only 32% of 
all ICR sector energy consumption was in the form of elecuicity. This transition 
demonstrates the dominance of technologies associated with producing and using 
eiectricity . 

I 
I 

1 
This transition contains a number of imponant implications. As the activities in the ICR 
sectors become inmasingly dependent on electricity: 

0 I They bccomc inherently less dependent on the availability of raw resources. A 
reliabie electric supply can be achieved with a very broad array of pnmary fuels. 

i s  luply untlecmf~eb md wil l  l i l y  ranun 10 for rhe pnod considered UI thir d y s i s .  
l6 Ths malysu does not mcoqmlte the ouuponuion seem for two reasons. Finr 

Sccond the combrncd mdumal. commcrrral md roidcMial seem are collectively luga 
economically than IS h e  urnrp~uocn seaor. md imolve activities thu are hudunenu) to fuaa 
economic growth. The Census Bunw teponr the 1991 
r1019). for example. thu about S1 mlkon of d a p  are U I O C ~  w ~ t h  dl puKnga md h' 
auuporuuon -- ngnificurt but only 20% of the mul accanomy. 

Dmrponupl 

*q 
l7 Dau from hurl-v Re view, May 1991. 

July 1991. 1 I* ~ a h o m h  
. .  
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n e y  arc more effectively insulated from basic fuel price swings. This mscs from 
the fact that raw fuel constitutes only one share (mnging from 40% to 708) of the 

total nurr?xr of components contributing to the cost of elecrricity. 

-- 

e They achieve greater flexibility in adopting new technologies becaw of the 
i nhmnt  flexibility of elccnicity. (Combustion-based technologies are inherently 
less flexible.) 

e They can enjoy various environmental benefits due to the low of zero impact of 
elecaic-based technologies - in effect, cnvirOnmtntal issues arc oansferrtd to the 
supplier of eltcaicity. As a practical man~r ,  this means in many cascs that the 
environmental impact is removed from popularion centas, and is easier to monitor 

and manage at the central location of a power plant, mhcr than at thousands of 
dispersed locaaons. 

The energy use mnds over the past 20 years which have given rise to electricity's 
dominance can k seen in Figure 7. While Egurc 7 illusoatcs the industrial sector @on 
of the ICR acnds, it is typical of all three secfors - significant declines in the direct use of 
oil, ntaural gas and coal. accompanied by large growth in electricity use. This type of mnd 
highlights the need to consider carefully electricity's criticd role in supporting industrial 
economic health. The mnds point to the need for czution in developing policies that 
explicitly, or implicitly, discourage electricity use. 

One other way to reveal elecuicity's increasingly important role is in spending patterns, as 
illustrated in Figure 8. Ln 1970 the ICR sectors spent about $150 billion to buy fuels, and 
about $88 billion to buy elecuicity (in lWI$).l9 By 1991 the spending patrem had 
reversed. The ICR sectors' 1991 expenditures on fuels &p& to S112 billion, while 
purchases of electricity mse to $180 billion. By 2010, the disparity will grow even greater, 
with over $300 billion in electricity purchases for these sectors, and $200 billion for 
fuels.= This transition to an economy dominated by elccuicity use and price argues 
strongly far economic policies intended to minimize the cost of electricity. 

. .  
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Figure 8 

Fuel Purchaser in the Indusrirl Commacul. ' ResidauirlSCCMl 
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I ECONOMIC POLICIES TO SUSTAIN OR PROMOTE DEVELOPMEST? 

I Electricity has now achieved a dominant role in the economy. Can economic growth be 
maintained while minimizing the electric sector's impact on the environment, especially 
C*- emissions? 

The noaon of preserving the environment while encouraging economic growth has bten 
given the label "sustainable development." Cennal to recommendations to achieve 
sustainable development is the idea that economic policies should k subsumed to 
environmental goals, while ensuring that that are *'no losers." But, such an approach is 
more likely to ensure that there an no winners. As a praCtical matter, prograxns focused on 
avoiding problems an m l y  as economically effective as pmgxams focused on achieving 
results.21 

1 
I 
I 

The irony is that encouraging the link between the economy and electricity is by its very I 
nature enviro;lmentally beneficial. Given the state of the American economy, and the 
increasing need for impnwing US. productivity and ctxnpctitiveness, state and f e d d  
policies should be oriented towards development as a priority. Such an orientation, far 
from being bad for energy efficiency and thus bad for the environment is good for both. 
Yet, the evidence is that economic growth can occur with eltcoicity demand rising, along 
with improved energy efficiency. 

The evidence is present for example in the current wisdom as illustrated by the projections 
of the Energy Information Adminisnation (EIA). EIA projects, for example. that over t h e I  

next 20 years:= 

I 
1 
B 

I 
I 
1 

the economy will grow by over $3 trillion 
the nadon will requirt the additional electricity output of at least 300 new power 

yet, energy efficiency will h n r o v ~ ,  with a 23% energy/GNP ratio decline 
plants <@ 500 Mwp 

21 obviously. this s not to say that mvuonment8l gods should not bc given m imponant p k e  m 
eonomic planrung. However. plans which focuc fust on the cfonomy. and subscqrrently sa& 0 
evaluate and miugstc cnvmnmmui unpuu arc by definition mote likely u) bc ccmomlully 
aggressive. 

I 
I 

22 pa we? July 1991; base use pJccllonr though 2010. 
a E ~ W W I ~  conrumpion pcr SGNP it po~cclcd U, ddciine by 5%. 
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in the next section of this repott W e  Consider the environmental aspects of devekopment- 
oriented elecmcity pricing, sptEifrdy carbon dioxide emissions. First, however. we will 
explore the implications of the basic question posed at the outset 

"How does one stimulate the economic growth associated with rising electricity 
consumption?" 

The answer? Provide the market with economic incentives to usc more elecmcity; i.e., 
make it cheaper. 

As Figure 9 shows, the trend of the past s e d  dccades is encouraging. In real, inflation- 
adjusted urn, electricity prices lower today than they were 10 years ago? However, 
that fact masks an imporrant trend. Electricity prices WM declining until the early 1970s. 
when they began to rise. Figure 9 shows the movement downward to a low of about 
5.3ekwhr nationally in early 1970s. Following the low period, a combination of increased 
fuel prices and escalating capital costs sent& to increase the cost of electricity to a peak of 
about 8.3akwhr in 1980 and 1981. Since then, prices have been falling. 

History suggests that elecmcity prices arc not as Aow as they could go. Yet the currcnt 
projections from many sources, typified by the EM, provide far rising electricity prices. 
An examination of the essential components of EIA projections (see Table 1) reveals 
whether or not the projection of rising electricity prices is probable, or avoidable. Could 
economically aggressive policies promoting low cost elccuicity return electricity rates to 
historically low levels? 

Tabk 1 
Components of Elecrncity Prices (EIAF 

(chwhru) 

1990 2010 
Capltal 3.1 . 2.3 
Oprating8r Main- 2.1 2.1 
Fuel - 
Total 6.9 1.2 

24 The noubk exccpuon to rhir IS Cdifanw where 20 yeam ago the average cost of elaukiy was b e  
umc s tk US. werage. and whcre today its 30% hi- rhm thenuronrl average, md twice as 
hgh u the r h w v r b l c  lowest c a t  source of ruppiy in W p m u u  for example. Not only Qer 
Califom spend over S5 bJlron uuuully molt for elearmry thm if the s u e  pnce reflected 
n r u d  averages. but mom unponrnt hu been the Lort economc oppommtty darvmg from 
dcpcrsed growth usociurd with dirourying concinuhg poductive elecuifiutlon. 

25 Po w a  1991. July 1991; ban cue pm~uonr  through 2010 p. 
13 
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As Table A illusoates, EIA projects the C ~ t d  cosf component will decline WCT the cOmn 
two decades. This is expected in parr kame of the aging and thus amorcitation of the 
existing power plants, d in pan kcau~e of the low-cost option of extending the life of 
older plants. This projection is also consistent with manufacturers having gained the 
necessary experience over the past two decades on how to build power p h t s  efficiently in 
the new regulatory and political climate that emerged in the 1970s. 

I However, Table 1 shows that EIA expects utility fuel costs to rise. The fuel price 
components of this assumption arc shown in Table 2. 

Table 2 
UUlity Fucl Costs (EIAP 

(1990S/million Bar) 

1990 2010 
Coal 1.6 2.2 
N d  Gas 2.9 6.2 
Fuel Oil 3.0 5.4 

I 
B 
1 
I 
9 

There appears to be widespread agrtemcnt that nanual gas prices Will rise substantially in 
the coming decades.n n e  primary reason for rising natural gas prices would appear to 
rooted in the economic tumult created by previous regulations (e-g., the now defunct Fuel 
Use Act restricting gas use for electricity generation) and an overall situation where supp 
and demand have not begun to get into reasonable balance.28 Also, projections show tha II 
the cumnt low cost nantral gas reserves will be depleted and arc projected to be replaced 
higher cost domestic and imponed sources.29 

The situarion for coal is significantly different. Coal's dominant role in clecmciry 
generation has k e n  largely unchanged for over five decades - establishing a long supply 
and demand history for economic stability. In addition, known, low-cost domestic coal 

1 
1 

Gas4 
I 

26 pa we? July 1991: base case pro~cctionr through 2010 
13 

27 8 G8S 
Research Institute. Am 1992. 

flow h n  the Gulf of Mexico. VU .caodmg the 
1992) will conw~w rn nmforce the markelplw 

Ruurch kuurute. April 1992; 95% of axrent tu supply comer from low cost domestic so 
By 2010 58% will come from exuung domestic so-. md the balance ell come from 
substantially mole expensive so- - 20% h n  imports (including A b )  d 21% h n  
'rdvuKed technology" sourcu. 

The sudden 1646 nsc m the muon's nand gas pica following Humcme Andrew's diRupion of 
W- "stunning" (August 31. 

rhu gas plccr m voluile. 
29 -&GRIBIvlvle0fUS . .  
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reserves arc well-dcfined.3O Thus, overall, thac is much less uncmainty about the futuR 

of c d  prices, and indeed. considerable reason to doubt the EIA projection that cod prices 
will rise at all, much less than the 1.4 fold projected. 

The f u m e  of coal prices is the single most important factor determining the future of 
electricity prices. ELA projections show coal will supply just over 50% of all new 
elecuicity supply through 2010.31 Despite EIA’s price projection for rising oil prices. there 
is link evidence to support the contention that cod prices will rise m . 3 2 ,  Long-term coal 
contracts are currently available for fuel prices of $1 to $1.50 per million Btu.33 Coal is 
available to maintain or reduce utility delivered prices for the entire period of the 2 0 - y ~  
projection considered here. In fact the potential exists for electricity to be cheaper in 2010 
than it is today. and return to costs comparable to those of 20 years ago. 

Table 3 summarizes this possiblity. Capital cost decline (as projected by EM), along with 
no change in operation & maintenance costs because these factors arc significantly fixed by 
existing equipment, operations and requirements. But utility fuel costs, primarily coal, 
need not rise. 

Tabk 3 
Possibie Components of Loweu Cost ElecDicity 

( rkwhr )  

avg 1990 2010 possible 
Caplral 3.1 2.3 
Opraung & Maintenance 2.1 2.1 
Fuel - 
Toul 6.9 5.4 

Based on available coal-hd technology and coal rcsourccs, we take 5 . 5 a h h r  as the 
benchmark price for delivering elecoicity over the next two decades. Thc availability of 
low-cost electricity will force competition among sources of supply ensuring the lowest 



.? cost of electricity for consum-. l ' h C  f n t  threshold test for new suppliers of elccmcirv 
should be to meet or beat the lowest cost of supply. - I  

I 

"i 
I 

The effect of rtducing electricity prices will have one straightforward consequence. MOR 
eiectricity wil l  be consumed. .However, it is not the fact of gmtcr electricity consumption 

e of fuel corllbuylczn 
that is imponanr it is the extent to which more electricity is cofisumtd PLpdSlcti 

in the marketplace. The pnxiucrive and environmental benefits o 
electric-based technologies arc explored in the next section of this report. H t ~ t  we cxpl 
the extent to which fuel switching -- purchasing elecricity instead of dirtct fuels, 
specifically natural gas -- will be driven by lower electricity  price^.^ It is not the lower 
cost of electricity per se that would encourage futl switching.  he cietmninant is the 
comparative cost of ciectricity to natural gas prices in the marketplace. 

and in F 

The inmascd use of ciecuicity in industry, fa: example, is strongly influenced by the ratio 1 
.1 

For technology and fuel choices in industrial processes, it is not just the current price ratio 1 

' 

of electricity to gas prices. Figure 10 illustrates the two decade history and possible futu 
of thc elecmc/gas price ratio. Figure 10 shows that cven if elecmc prices do not decline, 
and rather increase slightly as ELA projects, the pnce advantage of electricity over n a n d  
gas will grow rapidly. If electricity prices retun to their historic levels, as proposed he 
and gas prices continue their projected rise, the price advantage of electricity is accelerate& 

rel 

0 
I 

that is important. but the expectation of the f u m  price ratio that determines the viability 
investment in new equipment -- it., should t+e quipment or proccss be fuel-based 
(natural gas), or elecmciry-based. Given the expected mnd for the elecmcityinatural gas 
pnce wtio. it is clear that the advantage of electricity will shortly be at record levels and is 
Likely to stimulate a suong switch to electric processes on a price basis alone (regardless 
other productive and smctural advantages of elecPopn>cesses). 

~ v c r  909b of 
scpmtion. Only a small fraction, under 1 8 ,  is uscd for other direct process 
applications.~~ Thus there is a very large potential for incrtased elecmfication in the 

industrial clecnicity is usai for clccaomcchanical drive and c l m l y t i c  I 
i 
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cc . .  industrial sector. As the pncc advantage of clefxicity over gas reaches record levels (by 

1999 under the low cost scenario h m ,  and by 2004 under EL4 projections), price factors 
alone will dnve fuel switching to elecnic proccssts. 

The same pcnd is developing. and can be accclcra~ in the residential sector. When the 
price ratio of eltcmciry to gas is about 3-to- 1, simple electric resistance heating becomes 
cconomcally competitive with gas heat36 When the economic benefits of elecoic heat- 
pumps are considered (the only significant source of growth in the elecmc heating marketj. 

the cost benefits of elccmciry will become overwhelming. As Figure 11 illustrates. the 
price ratio is declining rapidly and will be below Ztel withiin the decade. Existing heat 
pumps deliver at l as t  three times as much heat as electricity consumtd; new ground-source 
or swxlled g e o t h d  heat pumps deliver at least six time as much heat as electricity 
consumed. Once consumers scc increasing price advantage of electric heat, and come to 

believe that it will continue, the shift to electric heating will 

The advent of highly efficient clccmc heat pumps, and a rapidly declining elecmc to gas 
price ratio underlies the rcason for the vigorous Competition between the electric and gas 
indusmcs in the residential market. The importance of this competition for both sectors can 
be seen in the following facts: 

Natural gas accounts of the largest share of total residential energy use. at 454.38 

Electricity holds 32% of the total residential energy market 

Space heating consumes 65% of all residential energy consumption, with water 
heating about 15%. 

Quite obviously, capturing the residential hearing market rrprrscnts a significant economic 
issue. 

There is little &bate that lowering elecmcity prices, particularly in a climate of rising natural 
gas prices, will stimulate greater electricity use. Before m i n g  in the next section to the 

36 The essential crkul.uon hac u not complex since u usmw toughly cqurl TkD COIU, md thur 
assumes that once eiccmciry IS less Ihm ll3 h e  price in delivered BTU tams. the brrer ut 
elecmcity generwon (.bout 3 1 )  make it concompritive at the end-w. 

37 of-. this u mBe only if muLtt f- mpamiud 0- h t y .  
38 G.r 

Research kuotuu. Apnl 1992 p. 26. 27. 
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I environmental implications of such a pcnd, wc continue h a t  to explore the broad impact 
on the economy of reduced cltcuk rates. 

In order to evaluate the macro-economic effcct of lower electricity prices, three basic inputs I 
arr required: 

1 ) 

2) 

3) 

the average cost of electricity in 2010 resulting from all new supply being priced at 
no more than 5.5gAcwhr 

the elasticity of demand; ix., how much man electricity will be consumcd because 
of lower prices 
the GNPkwhr relationship; Le., the effect on the GNP of i n c r t d  overall use of 
elccmcity.39 

I 
I 

I 
I 
I 
I 

The essential facts considered for each of the thr# inputs cited above arc as follows: 

1) . .  A v e w  2010 mce of elecmrlw 
An esnmatc of a possible (rather than projected) ycar 2010 average cost of 
electricity can be arrived at by estimating two price components for supply in 2010 
fmt the cost of electricity from existing power pb.ts, and second the cost of 
electricity from new power plants. 

Rather than assume fuel prices will rise, as projected by EIA, it is possible that 

exiszing uendfl  and price pressure from a low cost supplier (specifically coal) will 

39 11 Ls IK)~ rnuliy rhe consumpuon of elecmcity prr JC thu incrurcs the GNP. I; 13 3re pua 0 
prducuvc elemc-brccd mhnologles thu boosu the cconomy. in other words. lower cost 
elccmcrcy fuelmg such podwttve poceuu LI elccolc steel makmg, electro-chemlui poceum 
md so on rmpove producuvity. employmatt md pofiu. 

~~~umptlon thu oil will be more expensive m the fume than it  u todry. As 8 rmnrm~m the Gulf 
Wm danoncrrued rhu even dunng amrpr WIT m the world's pnmeoil brsm there M be r p r c  e. Thu hardly pomu IO price voluiliy. Lndaal the uunadour diversity m oil supply. 

resew=. delivery md explorulan & h U y  b v c  ugnificmtly aodtd world oil pice 
sauurvity IO local events. Note for example. thu in 1970 OPEC rtcwntal for 51% of world oil 

in ddirron. the Lterrnrn of the put  dsudc Qer no; suppon the belief ttut world lowcou oil 
resemes me rufficKnlly low IO ux supply my tune m the coming two decades. indsdd the 
rpp.n IO be the cue. whe~ein umwdenergyrfficiawy, md inmased mollvuvrn of oii 
for revenue arc mote likely IO smulue pnm 
oppos~u. lnsofu LI the b r u m  reEord is amcumd, the plcc of oil (m constant 198s) hu 

Only for seven y u n  between 1979 md 1986 did h e  pnce spike bnefly. md some nufit MY. 
f rul ly  for OPEC conrdcmg the exmu of world exploruim r t h n u l d  by thu event. (S= P. 11. 
1992 .I 

II 
b 
I 
I 

d 
I 
I 

40 ~ e r ~ ~ r p ,  ~JW most unponrnt indicator of the failure of fut~ price po~ccuanr is the ~onmmr~d 

pmducoon - PUkIng u 56% in 1973. By 1930. OPECS share Of wotld poducti~n IO 38 

md lower oil pncu rhm they thr 

8Vmged fll/bbl fran 1890 u) 1990. S C b l ! l  V c l r p y  Ow* Of 8 plcc brnd Of $7 u) S17bbL 
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; .- ) . I  CXM a downward pressure on other fuels. It just as likely that average fuel cosu 

for utilities will be the Same in 2010 as it is that they will k higher. In fact, as 
Table 4 ~ ~ 1 ~ s .  if fuel prices do not rise -- a possibility demonsmal by 
events of the past 20 years -- than the average cost of electricity from existing 
power plants would be expected to be lower in 2010 than it is today - principally 
because of the declining cost of capital as thc power plants age (amortize). 

Tabk 4 
Components of Eiavlcny h a s  from Exsung Plants 

(tllrWhYu) - P m  
3.1 2.3 2.3 
2.1 2.1 2.1 - 
6.9 7 2  6.2 

In 2010, about 70% of all the r c q u d  elecuicity for that year would be provided by 
those power plants that already exist This electricity could be supplied for about 
6.2ekwhr as summarized in Table 4P2 The balance of the base-case for needed 
electricity in 2010' would come from new power plants. As previously discussed 
this could be provided for an average cost of 5 . 5 Q h h r .  

The blended cost of electricity from old plants (those existing in 1990) and new 
plants would k a national average year 2010 cost of 5.9eA~whr.4~ 

. .  
7 )  N of for Electncu 

How much more electricity would k consumed in 2010 if the average price w m  

an achievable 5.9eAcwhr rather than the projected 7.2ekwh.r. 
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There is an extensive body of rtscarch which has sought to accurately quantify 
demand elasticity of e l~&5ty .~  The short-tmn and long-term elasticities arc 
usually diffmnt In this case, we arc p n m d y  concerned with long-term 
elasticities for which there appra's to be a consensus value of -1 .O. In other words. 
a 10% price decrease would produce a 10 percent consumption increase (and vice 
versa ) .45 

I 
I 

A year 2010 price of S.%/kwhr represents a long term price decline of 188. mis 
translates into an 18% increase in demand. or nearly 750 billion more kwhn 
consumed in 2010 than currently pmjcctcd.46 

What would be the 1112cro-cconomic effect of 750 billion kwhrs p u r  electricity I 
I 
I 
I 

USC? 

The relationship between electricity and GNP has changed over the decades. Table 
5 sumrnarizes the broad uends. While there arc clearly complex relationships 
krwecn eltcmc-bascd tcchno1og;leS and the industrial. commercial and rrsidential 
sector use of those technologies, at the broadest level it is possible to obsmrc the 
market economic response to using such eltcmcity-bad devices and processes. 

Tabk 5 
'-0 of ElecvicityKiNP Growth R a d 7  

ElectnctrYK;w c,m W& 

1947 - 1960 3 -1 
1960 - 1973 1.61 
1973 - 1983 0.98 
1983 - 1991 1.18 

I 
II 
I 

see for cxmnpk 
.) 

R m h  Council. N U I ~  Audany Press. 1986. p xvi. 
b)) 
Res. 1990. 

w A Rcpon Rcpmai by the Committee on Elammy m 
clocwth E n q y  Engmccmg Board. Commiulon on Engineerkg md Tahniul 

Schwr et .I. Green 

45 ibid I )  p. 48. b) p. 361. 362 
06 4 W July 1991; base case pmjation fa 2010 of 4.11'7 

47 . .  . billion kwhn. 

Growth. Energy En- B o a d  Comnussmn an Eng- md Tcchnicrl Syuant, Nuiana 
R e m  Council N d  Acdcmy Press. 1986. p u), md 1983- 1991 from P A  
Rcvlcw. 

, A Report Prepwad by thcCanmiuec on ~ a a i c i r y  in 
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Despite the history of stronger elcCaiCityKiNP conntctjom, we use h m  instead a 

consmauve linkage of 1.0. and assume further than cumnt demand-side 
management programs arc succes.,ful in weakening this linkage somewhat. Thus. 
750 billion kwhrs of greater consumption would k associated with'ncarly S 1 
million greater GNP than c m n t l y  pmjcctcd for 2010 (in 1991S).48 This much 
additional electricity demand represents the output of about 240 clecuic power 
plants of 500 MW sire. The overall economic issues arc summarized in Table 6. 

Tabk 6 
Summary of the Impact of Lowa Etccvicuy Prices in 2010 

Avenge 2010 elamc cost drops 18% to 5.9elkwh 

GNP grows 

(ansmg from 5.5eAcwhr benchmark for new tuppiy) 

+ 51 trillion GNP Over EIA base case 

ElecPnc denrand p w s  
+ 240 mom power plants (@ 500 MW) over EIA b s e  cosc of 300 

T d  elamc~cy pmhasm drop 
- 510 billion49 

955 

The current ruios ruggut that the f5.6 oillion sconomy (1991s) is suppoMd by .bout 2.8 rrillin 
kwhrs. with m usenudly 1:l linkage; i.e, f2  of GNP for every Whr of umsumpuon. Because of 
the muod UC& towards multi-billion d d - r i d e  management popunr (in which rhe ocar~mic 
requirement f a  ekmcity IS raiucui). we mume for the sake of r-t that EMmt DSM 
p g r m s  will be sufficimdy successful m erode the ekcokiryGNP ruio by 25%; m othn -. 
m 2010 h u t  f150 of GNP will be LUOCU& wuh each kwhr of ~QIUUIIIPUQII. 

49 Savmgs oue from sso bi~iwrn lower eiec~icity ppdu~  cot^ far 2010 k ~ e  wc contumpion of 
4.1 billion kwhrs. net of S40 billion IO ppchv dditionrlfu) billiiar Irwhn clt.ILd by elastic 
rerponre m low cost marginal elccmciry pica of SSdkwht. 

. .  

I' 
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1 WHAT PRICE ECONOMIC DEVELOPMENT? I 
There can be little doubt that lower cost electricity would help stimulate a more productive 
economy. Such a reality is at the coze of economic development rates that arc increasingly 
seeing favor with state rcgdatars because of depressed local econ0mies.m 

But if the extra 30% boost in the economy by 2010 requires 240 more 500 h4W power 
plants than currently projected, what price would be paid in environmental urn? 
Specifically. what impact would such an event have on total U.S. 
would appear an imponant consideration With the current environmental focus on the global 
warming theory, since generating the 750 billion hvhrs from the 240 power p h t s  would 
require an incrcase of nearly 300 million tons mom coal per year than m n t l y  projected 
(assurmng that all additional Low-cost generation wcrc cOal-firrd31. 

emissions? Th~s 

In short, would such a development-oriented policy be environmentally sustainable? 

Before evaluating the net effect of inmasing electric demand beyond that already 
anticipated, it is imporrant to note the trends inherent in cumnt  projections. Table 7 
summarizes some key data from current EL4 projections. 

Table 7 
Current EIA ProJecuons 

GNP grows by 53 Vihon GNP 
onrall encrgy efhency 23% beam 
Growth in ekmcuy demand rqulnng 300 power plants (@ 500 MW) 
coal supplles u)96 of new elecmc1ty d c n i  

C02 cmissronsXjNPS decline by 25% 

. *  

- -  

The EM prpjtctions conrain the implicit rtcognition that electricity and coal usc can rise 
along with improved energy and carbon dioxide efficiency. How so? 
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According to the Eltcaic Power Research htitute (EPW), t h e  arc two powcrful mnds 
that will reduce CQ emissions over the next two dccades.s2 One is the improvd 
efficiency with which elecmcity is uscd via demand-side management (DSM) programs. 
The other arises from the improved overall energy efficiency aiising from fuel switching in 
the marketplace from combustion-bascd processes to elccuopmcesscs. 

EPRl estimates that by 2010. the effect of DSM programs will be to reduce total U.S. C&& 
emissions by about 300 million tonsiyear. EPRS also estimates that increased use of 
electricity -- in their tams. "beneficial tiectriftcation" - will also reduce net 
but by an amount of over 400 million tondyear by 2010. 

emissions. 

in other words, electricity growth and inmeas& coal consumption will be ancndcd by 
reduce environmental impacts in the form of lower CQ emissions - "sustainable 
dew lopment. " 

The fact that increasing electricity use duces overall C@ missions runs counter to the 
c m n t  m g r n  -- increased elccmcity usc is genaally held to run counter to energy 
efficiency and environmental goals. But if the histaric record doesn't support this 
contention. why should we believe projectionS that claim such an effect? The primary 
measure of environmental impacts, and in panicular @ emissions, is the trend in energy 
efficiency. See Figure 12. 

The historic record shows increased electricity consumption is correlated with m v d  
overall energy efficiency -- decreasing total energy needed per SGNP. As encouraging as 
this broad measure is. it understates the market realities. It is the efficiency with which 
markets use fuel or elecmcity that is a more k t  indication of trends (=Figure 13). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

As Figure 13 illustrates, the use of fuels per unit of GNP in the market has plummeted over 
the past two decades -- in other words the environmental impact of the marketplace has 
declined. At the same the,  then has been no significant change in the amount of elecuk5ty 
required per unit of GNP. I 
The historic record shows that energy efficiency actually gets better when el&ity usc 
goes up. Although this phenomenon is frequently ignond, it has been extensively 

I 
1 
I * ,ElaukPomRucrrrh 52 -0.2 with F- of ppvnwll 

. .  
Lrrucutt. cu-7440. seplankr 1991. 

. .  

_ -  
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docmentcd?3 The idea that ushg more elccuicity - marc kilowatts - can confer 
economic and ecological benefits can k given the tcrm "ccowaus." 

Figure 14 illusmtes the implication of these a n t  energy efficiency nrnds in trims of total 
U.S. C@ emissions: the overall emissions of C@ frosn the U.S. economy have remained 
remarkably unchanged for the past two decades. And, the most impcntant measure of Ca- 
impacts, Cot emissions per unit of economic activity - W G N P S  -- has been declining. 

The debate over C q  emissions has drawn attention to the role of coal in the energy mix, 
but typically without recognizing the impact Of Cd-fued el&city on the economy Pnp on 
C@ emissions reductions. As Figure 14 illustrates, the ~ o r d  shows that emissions 
have dropped from 4 lbsl%GNP in 1970, to about 2.7 lbs in 1991. Current projects show 
that this rate will continue to decline to about 2 1bsSGNP by 2010. Yet. far the two 
decades since 1970, coal use grew by almost 450 million tondycar, and is projected to 
grow another 300 million tondyear over the next two decades. (See Figure 15) 

The association of reduced C0.r emissions/$GNP and increasing coal consumption is not 
coincidental -- it is causal. Reduced C02 emissions arc a primary consequence of 
unproved energy efficiency, and energy efficiency gains arc a direct result of electrification. 
Since 1970, every kilowatt-hour of new demand has been associated with a reduction in 
C02 emissions of 3.6 lbs.s4 

53 See for exunpk: . Science Concepu. Inc. 
p P. S c h d t  

Pergunon Rut. 1984. 

Edm Ekmc Inronrte. Energy RuePch Group. 1989. 

Lurrnrrr. CU-7440. September 1991 .  
54 Two factors w commonly held u signifuant reasons for rrducuon, m U.S. carbon dioxide rmiuion, 

per UIUL of GNP: 1 ) meased use of nuckar power. d 2) wunnobile CAFE (gu mikage) regul.ttonr. 
(Mer than elecmficauon. these two factors w he only other rubslmurl trnrnrrrl changes m thc 
energy ccanomy over the past iwo darder. Since 1970. the Lvrrucd w of nuclear power has 
dup&ced fossil fuck (based on exitung md pmbabk fuel m x u )  with a mul v d u t  of .bout 440 
million ums of C02. The mcreasc m on-the-rod flcrt average hwl efficiency fmm abut 14 mpl10 
over 21 mpg u responsible for rcducmg grorpccuve C02 anmsions rncrrues by .bout OOO million 

CO2 e r m s s l o ~  if the 1990 fleet oprrrsd ~f thc 1970 fuel cffuimy.) Tosetha. CAFE md 
power cllmrnued w l y  1 bilhon IDN of Co2. If thc US. scon~my o p r d  
C02 effuimy. W e  would bt .bout 3.6 billron  to^ motc CO2 ar~aed. For rhc 1.Le of 
conserv.~ivc esmauons. it is  usumcd hat the aggregate effect of odvr small fvunt mer thc p u t  

k l u u n g  CO2 mussion, .  Thus. elccmfrmon it held ID be -ibk for the 4 n U u  2.6 
billion ums of net C02 reducllonr. Thcnfarc. the 13 dl ion kwhr wwth in c k o i c  dsnmd 
ruociued with a 2.3 billion &on decline m COZ anut~o~ -- or .bout 3.6 Ik co2/kwhr. 

Elecuu P o r n  RcsePch 

mns of cO2. cr)K C d C U  u pIformed by amsldenng rhe ddirionrl fucl uy md 8ssclcIued 

1990 U rhc 1970 

t w o d c c d a  has becn Cqud 10 the rmpvtof CAFE s u n 6 r 6 .  otnuckarpowu - Le.. 10% of thcnet 

. -  
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Figure 14 
c02 and ccn Efrlciary Trends55 
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I The suggestion that there is a dinct causal relationship between inmascd electricity use, in 

1 
particular inma, coal consumption. and decrrased cO2 emissions may appear at fmt 
heretical. 

I 
1 

I 
The n a  energy balance shown in Figure 16 is based on the qlaament of direct fuel I 

I 

1 

Figurt 16 provides some pcnptcave on this phenomenon, as calculated by the Elecmc 
Power Research Institute (EPRI). Figure 16 illusauts the c s m  energy impact of the 
enhanced use of Q& five indusmal elrmrificaPion technologics ova the next decade alone 
In this scenario, industrial elccuicity consumption would rise by 17 billion kwhrs/year by 
AD 2000 (qual t~ the output of 6 large w a l - f d  pow- phnts) direnly ~ U S C  of the 
grcam use of the five electrotechnologits. At the samt  timc o v d  energy use, including( 
that needed to generate the electricity, would decline by about 60%. the energy equivaient 
of 53 million bands of oil per year, because the eiecuotcchnologies arc so efficient 
compartd to the fuel processes displaccd.56 

combustion with electricity, including the energy to make the elecoicity. (Not included, 
but virtually always evldent an such energy bencfia as reduced material waste and 
reduced energy required in maintenance. associated inhpucnue and shipping.) From 
the environmental perspecnve, even if al! the tlecniciry needed to s u p p a  the additional I 
use of those five technologies were produced by c o a l - f d  power plants, and only n a n d  
gas were displaced in the market, there would be a net H u c w  in C@ emissions of 10 
miliion t0ndy.57 

The ~ f ~ r r  of the technologies considered in the calculations for Figure 16 points to two I 
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0 Cheap electricity would stimulate the use of these new highly productive 
technologies, accelerating turnover of new quipmcnt, dirrcdng valuable industrial 
financial resou~~es towards quipmcnt changes that arc fundamentally productive - 
but that nonetheless save energy 

0 regional. or "brtathing zone" environmcnta! impacts typically go to zero; that is 
emissions at the point-of-use an eliminated (typically in congested urban mnes). 

The energy and C@ savings summanzed in Figure 16 do not rrcprcsent a unique situation. 
This phenomenon, which we term ccowatts in which economic and ecological benefits 
an= derive by switching from fuels to electricity-based technologies can k illusuatcd for a 
remarkably long list of technologies. Table 8 shows some examples from a disparate range 
of representative elecuotechnologies. Here net C@ emissions have been calculated for 
every exaa kwhr used in a fuel switching situation - i.e. emissions eliminated by the 
elecmtachnology repiacing a fuel technology net of the emissions associated with the 

electric power plant. 

T&k 8 
C@ Impact per kwhr of Fuel Switching to Uecmwechnologies58 

m v i t v  Ibs m-whr use 
Fax document 63 

13 
12 

Dry P-t 
Cook meat 

3 
2 

F a m d r Y d  
Makc S w l  
Mow lawn 2 
H e y  home 0.7 
Concenuate milk 0.8 

As Table 8 shows the range of impacts can be very broad. As it turns out 3.6 lbs is the 
average amount of eliminated for evay lmhr used over past 20 years. This macro 
analysis is consistent with an average of 2.5 lbs of C@ eliminated for every kwhr which 
can be derived from an EPRI evaluahon of thc fume hpact of 15 key residential, 
industrial and commercial eltcuottchnologies.~ 

58 1 W . Mark P. M i l k  

. Elecoic Power R a c P c h  59- with F- 
Public UuLuer Commiulon of the Surc of Colardo. Dodret 91Mbat-EG. Apil 10. 199% . .  

inrutuI& cu-7440. sepwkr  1991. 
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Heat Pumps 
HP Water Ho. 

Info Technology 
Heat Pumps 
Chillm(with HP) 
HP Water Hu. 
Lnductmn Griddle 

iIxdulw 
Freeze Cmcmuauon 
Heat Pump 
Induction Heating 
Arc Melting 
Plasma Rocating 
uvm 

Transit & Freight 
Elccmc Vehrlcr 

Tom1 

Table 9 
Nauonal C@ Impact of Fuel Switching u) EIecmuechndogics60 

increase 
Electricity 

use 
GYhI 

180,000 
86.000 

95.000 
133.000 
lO.000 
16.000 
8,000 

16.000 
2.000 
34.000 
23 .000 
12.000 
14.000 

24 .OOO 
10.000 

663.000 
-I- 

YEAR 2010 

Net 
E-W 

Swings 
lQww 

1.13 
0.69 

-95-7.85 
0.83 
0.05 
0.13 
0.02 

0.35 
0.01 

(.1)-.1 
.39-.48 

0.04 
0.14 

0.12 
0.07 

4.82-7.02 
- 

Nu COZ 
Emission 
R d U C t i ~  

37 
27 

75-211 
31 
2 
5 
0 

18 
0 

(4)-17 
46-56 

7 
6 

10 
6 

2b4-438 
-- 

I 
I 
I 
I 
I 
I 
I 
I 
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CQ is a prominent feature in the cumnt debate over externalities - environmental impacts 
that are external to cumnt regulated impacts. ~ o w t v m ,  it is m l y  the case that these 
externalities arc properly accounted, even though the basic defvltion of an externality is 

I 
acknowledged. For example: I 

I 
I 

“An externality is a real cost or benefit which is not considere in the 
costlbtndit analysis associated with a given decision.” 
(emphasis 

I 
I 
B 

“Envinmpcntal extanalities arc a specral class of externalities. 
Specifically, they art costs or benefits created by changes in the 

6o ibid. 
* Shqmd BuckmPL Public Utiliees Commbrh 61 1 . 

O f  t h ~  Sutc Of Cobrdo. Dock! 91M-642-EG. p 2, linc 12 
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environment 
costs or benefits into account." 
(emphasis added)62 

or exacabared by decisions that do not take the= 

Regardless of such definitions, the desire to include externalities in electricity costs has 
focused almost exclusively on the e n v i r o r m m t a l ~  associaud with generating 
electricity. The externality benefits have been largely ignored. 

It has been a basic reality of the elecaificaaon of modem society that the b u m  of 
elccmcity arc i n a s m i  in using electricity for benefits other than the simple energy- 
equivalent value of kilowatt-hours; Le., buym arc intmsted in benefits - to the 
purchase price of a kilowatt-hour. This is readily apparent in the typcs of technologies 
itemzed in Tables 8 and 9. 

Up until now, external benefits of electricity have been the exclusive concern of the buyer 
of kilowatt-hours. In fact. remarlcably little attention has been paid to the profound 
producrivity, environmental and energy benefits of the elcfPifrcation of society.63 Table 
10 lists just a few of the kinds of benefits which acme  to users of a few commercial and 
indusuial elecuotcchnologies. The table illusaatts benefits that translate into improved 
productivity and lowmd costs -- but many of the benefits also have environmental 
implications in the form of reduced waste and m p .  
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Table 10 
Economic k Enwonmental Extcrnnlity Benefus of Selecltd 

Manufnctllring Elccmrtechnolog& 

ElefvMcchnology 

Ekcmrhmicd Machining R e m  pi- drogped from 1% to 0% saving 
S16.ooQ/yr on eqw. cosunff $174.000 

High-Freq. Res& 
Weldmg of Tubes 

uv curing of Labels 

Microwave Cunng Rubber 

sevapl tbusand let of stock Yvcd per day 
and VUNsh cozt dropped *-fold 

Maurial savings of 5%. 30% floor space savings 
30% drop l a b  COSL. 1004b eliminauon of scrap 

Plasma Sue1 Cutting 

Stunwave Infrared Cunng 

Electrical Discharge 
MPchllUng 

Electric Frym 
(cocr.mertlal htchens) 

Thm is a remarkably wide range of important externality benefits hat arc not necessarily I 
a c m e  to the purchaser of kilowatt-hours. such as improved convenience (via microwave 1 environmental, or may have indirect environmental consequences. These externalities 

ovens for example), or reduced environmental compliance costs (via zcro-cmissions 
clectrotechnologics replacing fuel-based proccssts), or reduced work place hazards, or I 
greater pr~ductivity, or reduced landfi~ n e 4 s . u  It makes no Sense to suggest that 
utilities should be held accountable for somt cumntly unregulated extanality negatives 
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the pawn plant and not permit the samc utilities to cake acdit for cumntly undocumented 
extmality positives in the rnark~tpla~e. 

Returning to the fucus of this analysis, the CQ environmental txumality; it will be 
imporrant for poiicies fo rrcognizc the magnitude of the benefits from increased 
electrification. The o v d l  effect of elccmfying more and mart proctsscs can be dramaric. 
Table 1 1 provides an indication of the magnitude of the impact of a small, but 
rcprcsentaave list of such recfinologies. 

Table 11 
Ovenll C02 Impact of Incrused Ekctrifi~xicm of Selected A c t i v i d  

Concennau milk 
Cook meat 
Heat h a c  
Foundry sand 
Mow lawn 

30 
30 
6 
1 

mAL 217 

Research shows literally hundreds of elecnotcchnologies for industrial, commercial and 
residential use. Foundnes, lawns and microwave garbage, UV Qyrng inks 011 yinting 
presses, computa-dnven, and c l cmhemica l ly  supported automated metal parts 
production. 

For the purposes of this analysis, however, the only benefit of direct interest is the net 
reductions in C@ emissions that would likely arisc from increasing tiecmcity consumption 
beyond that already expected. 

As was shown in Table 7, the range of net d u c t i o n s  per lovhr of d e d  is braad -- 
from 0.5 lbs to over 60 lbs COukwhr. EPR! data on 15 tltcaottchnologies provides for 
an average reduction of 2.5 lbs, and national m n d s  over the past 20 ycars yield 3.6 lbs 
Coylcwhr of eltcuicity consumption. In the calculations hm, the national aend is 
expectd to weaken slighdy, but continue to yield externality benefits at least as gnat as that 

6 6 M  ' MarkP.Mi. 
Public Utilities Commurion of Slur  of Colordo. Doclcrt 91M-642-EG. April 10. 1992. 
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I 
I 

revealed in EPRI projections. 0th- worth, an inneastd use of almost 750 billion 
k w b  would result in a net decline in C@ emissions of nearly 1.3 billion tons - this 
assumes that SO% of a~ the additional eiecaicity is coal-futd.67 

(As a matter of interest, the net effect of 10% coal for all the marginal growth in 
750 billion kwhrs would be to duct the benefit to a net C02 savingsof just below I 
1 billion tons/year.68) 

I 

Table 12 
Summary of the I m p m  of b w e r  Electricity ?ices 

(assumes 5.Wkwhr knchmark) 

GNP grows 
+ SI trillion GNP over base case growth of 33 trillion 

Elcuric dcmand grows 
+ 240 m a c  power plants (@ 500 MW) over EIA bese ULSC of 300 

I 
1 

Total C@ mrssions drop 1.3 billion tons ova EIA base. case 

I 
969 

1 

1 
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-- 

i 
Figm 16 

Energy lmplic&m of increved Use of Five induslrirl Electrotachnolopes 10 AD 200069 
-- 

- 

69 Ihc 5 ltchnologiar evduudtn f i g v c  16 me: mconacnuuion. inbtrid h u t  p v t .  dittn OC 
mclung. plumrprocarrng. adultmvrola cuing. 
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Does Price Matter? 
The Importance of Cheap Electricity 

for the Economy 
Executive Summary 

Electricity is the single largest non-labor commodity input to the US. economy. Economic growth has 
been accompanied almost exclusively by increased use of electricity, not other energy forms or other 
commodities. 

The current turmoil in the electric utility industry in which analysts and journalists talk increasingly of 
changes being brought about by "competition" begs a question. For what are businesses competing? The 
answer: to supply the large and growing market for electricity. The underlying driving force of 
competition is price. Regardless of the regulatory or legislative outcomes for utilities in the emerging 
competitive environment, issues surrounding the price of electricity will remain central. The reason 
that price matters to markets is that cheap electricity provides anti-inflationary pressure, accelerates 
the economy, boosts manufacturing productivity, improves job prospects and in general helps the 
economy more than any other single commodity. 

The importance of the price of electricity is the central focus of this report for which the following two 
rccommendations emerge: 

A The pursuit of cheap electricity should be a central part of national and state economic 
development goals and should take precedence over other goals and objectives currently in favor 
in regulatory circles. 

B The price of electricity should be explicitly included in the "basket' of commodities used to track 
and p d i c t  economic trends and in particular, inflation. 

PIUS rrPxnmmdraon rmrran one nude by &e Nr- Acdcmy dSdcnea hr its 1986 study 'Dcctriaty in Enmomic CrowU~7 

T h e  defining fa& conhined in this report UT: 

T h e  price of electricity is a more important economic factor than the price of oil. 
90% of the US. Gross Domestic Product arises from the residential, commercial and industrial 
sectors which collectively use 99.9% of all electricity, and 34% of all oil. 
10% of the economy arises from the transportation sector which uses 0.1% of all electricity, and 
66% of all oil. 

Cheap electricity is anti-inflationary, more so than cheap oil. 
A ~ l y s t r  consider price changes in a basket of commodities as one of the critical leading indicators of 
inflation. Yet the traditional commodities basket does not include electricity despite an impending 
establishment of a formal commodities market for electricity. Each year, 300% more electricity is 
purchasd than the second largest commodity, gasoline, and 600% more than the largest non-energy 
commodity, cattle. Including the price of electricity in the commodities "3asket" provides a more 
realistic view of the basket as an inflationary indicator. Fractionarchanges in the basket's price index 
are watched closely for inflationary pressure. A two percentage point change in the commodity 
basket's price index would ocmr (with all othcr cost held constant) due to an increase in gasoline prices 
of about 30c/gallon; or an increase in gold prices of about $300; an increase in soy of $2/bushel; or an 
increase of only OSe/kWh. 
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The price of electridty is trending rapidly down 
Competitive, resource, technology and market forces are all driving the price of electricity down more 
rapidly than conventional projections suggest. By 2010, the average cost of electricity is likely to be 
below 5c a kilowatt-hour compared to the conventional wisdom of over 7c (in 19945). 

Electrotechnologies play a central role in enhandng productivity. 
US. manufacturing productivity and competitiveness is in resurgence due to three primary factors, of 
which only two a& widely acknowledged: organizational changes, increased use of information 
technology, and increased use of electmtechnologies. Increased use of electrotechnologies is strongly 
correlated with increased productivity, more so than for any other fuel type or class of technologies. 
Electricity‘s share of manufacturing energy use grew nearly 20% compared to a 5% decline in natural gas 
share over the past decade. 

Consrrmus and businesses prefer cheap electridty. 
Surveys, market behavior, and economic indicators show that the price of electricity is vitally 
important and that consumers and markets are making increasingly pricpdriven decisions. A ranking of 
states with the best and worst p b  prospects from Forbes magazine correlates strongly with the price of 
electricity. The 12 states with the lowest priced elecbiaty indude seven of the states with the best job 
prospects. Similarly the 12 states with the highest priced electricity include 11 of the states with the 
worst job pmpects. 

. Cheap electricity is consistent with environmental and s o a d  goals 
Energy efficiency and alternative energy programs, regardless of their other merits, should be held to a 
standard of declining electricity rates. In addition, declining rates stimulate greater use of electric 
technologies, which aiso typically reduce total fuelcycle energy use and environmental emissions. 

I TOW Purchasa of Commodities 
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Introduction 

- - 

"It's the econom y..stupid" 

Slogan from the 1992 Qinton/Core campaign headquarters. 

Britf: 
3k forus of mmprtition and fk economy's demand for 
clcctric technologies ere increasingly at odds with 
traditiod views of t k  cJcctrU sector and in particular 
with nmmnmcnrot programs which ore int& to raise 
tk cost of clcctridty. 

Tbe economy of the 2lst century will be dominated by 
ttxhnological changes in the fields of biotechnology, 
information technology, and electric technology. Of 
these three broad areas of technological change, 
considerable attention has been afforded by the media 
and analysts to the first two. Substantially less 
analytic attention has been focused on electric 
technologies. A common view is that the electric 
revolution is one that took place during the first half of 
the 20th century, and is now over. That revolution 
which was stimulated by such elearic technologies as 
motors, lights, air conditioners, and refrigerators has 
brought more profound changes to all aspects of modem 
life than any other single factor. . 

The rapid growth in the use of then new electric 
technologies brought about an attendant rapid growth 
in the generation and consumption of elearicity -a  ten- 
fold i n n e a s e  in the first 50 years of the 20th century. 
While it may be less obvious to casual observers, in pan 
becausc of the impression that innovation in electric 
technology has largely cnded, electricity consumption 
has continued and continues to grow at a pace which 
can only suggest that more eiecnotechnologies a= being 
used every day. Demand for elechicity has increased 
about 70% in the past two decades. A second electric 
revolution is underway, and while less visible to 
consumers, it is no less dramatic for its effect on 
manufacturing productivity. The revolutionary impact 
of electrotechnologies is in significant measure growing 
because of the natural integration with electronic 
control systems and information terhnologies. 

This analysis is focused not so much on the technologies 
that use electricity and thus drive consumption trends, 
but on the importance and role of the price of electricity 
that fuels those technologies. In particular, this analysis 
is focused on the question: 

'Docs the price of a Mouxrtt-hour matto?' 

The question is prompted by the existence and 
advancement of prexriptiw regulatory policies which 
have the effect of mising electricity rates. As a vast 
regulated monopoly system, electric utilities have been 
subject to all manner of initiatives that cause electric 
rates to incmase (not to mention such straightforward 
techniques as special fees and taxes). Initiatives have 
included subsidizing alternative energy and 
conservation programs. Relatively recently added to the 
portfolio of cost-increasing initiatives is the idea of 
externality "adders" wherein consumers are charged for 
emissions remaining after power plants have fully met 
stale and federal regulations. 'here cost-increasing 
activities are in conflict with the forces driving electric 
prices down, especially technology progress and 
aompetition. A reEent Pew YorkTimg front page s toy  
is one of the early signs that the popular media, rather 
than those "in the trade" are beginning to pay serious 
attention to the impact of these mmpecing forrps. 

7k electric utility industry, one of the last 
monopolus in tk AmcTican c:onomy, is bracing 
for competition, a change t h t  is likely to 
mcntually l o w r  rates across the country. 
tomponies arc scrambling to prepre by cutting 
their costs, diversijying and looking for 
purl ncrs. 

New York Tmes, August 1994.2 
- 

Wall Street activities provide ample evidence that 
tension exists between price-inaeasing and price- 
decreasing forces and that its consequences are 
cons ided  serious regarding the viability of electric 
utilities. The first half of 1994 saw electric utility 
stocks drop 262 points, or 7.654.. Over the same period 
the Dow Jones Industrial average dropped just 11 points 
or 0396. This market behavior reflects confusion about 
who the winners will in the battle for markets for cheap 
electricity. Investor owned and independent power 
producers, as well as electric-only and electric-plus-gas 
utilities experienced comparable declines in their stock 
values? 

'The avcrugc elcctric utility stock has fallen 
!with) losses in tk put 8 months by more than 
30 percent. To Fat fhat perfcrmancc in 
pcrspcdioc, if tk Dow ]ones industrials kad 
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done as badly as t k  Dour utilities sina last fall, 
t k  Dow muld now be obout2540. k e  would 
be talk h u t  =cession and natwnal oiscs, and no 
doubt Congress would be busy looking for 
diains to biam for tk j.1"- Tk Irpr now as 
t k  efectric utiZity industry is deregnfatcd, new 
competitors orill scfl p o w r  for less to p r i m  
iGustriOr and wmmcTcipI cystoma. Tkrt wilJ 
for= price cuts, .lower profit margins and 
smaller dividends.' 
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New Yo- May 1994.' 

- 
While Wall Street womes about and reacts to the 
investment implications of t h e  trends, as t h s  report 
shows, the nation's economy and consumers in general, 
the fundamental overall impact of forces that exert a 
downward pressure on the price of electricity are good. 
A few analysts have taken note of this ha. 

'Amid afl tk gloom, it is possible lo lose si@ of 
tk /act that no one is  forecasting a drop in 
electricity consumption. Wdf Street somctimcs 
becomcs ob& with one sidr of an inuestmcnt 
story. When that hnppcns, it is often wise to - 

This report dcrcn'ks an analysis intended to reveal the 
role of the price of eleariaty in the US. economy. 
(Previous analyses have evaluated the beneficial role of 
i n d  use of electrioty and electric technologies, on 
energy consumption and the environment./> This report 
does not evaluate the details nor take a position on the 
merits of pmpsals for mai l  wheeling. Instead, we 
explore the marketplace's powerful interest in low cost 
e lanci ty  that is the underlying driving force for such 
proposals and that will have a continuing effect on the 
utility business regardless of specific regulatory 
outcomes.' This report is organized in the following 
fashion. 

1 Overall indicators of the role of electricity in 

2 lndicators of the role of electricity in 
man&ctrpingurd a m p a i t i m e s .  

3 Indicators of the importance of the price of 

4 Projections for the future price of electricity. 
5 Impliations of cheaper electricity. 

soDnomicgrowth 

elecnicity. 

1 .  buck t k  amensus. Now v n  to be such a 
time: 

New York T i m a  Business, May 1994.5 
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Part 1 - Overall Indicators of Electriaty's Role in the Economy 

Sfid: 
Historic evidence shows that the consumption of 
dectricity i s  strongly eonrlrrted with a gmpring a n o m y ,  
a rrmd that it is likrly to continue. The strength of this 
linkage underscores the importance of tk ariec of 
cfect rid: y . 

As figure 1 shows, over the past two decades the 
consumption of electricity - not total energy - has 
grown nearly 70% in close conjunction with the growth 
in the economy (measured as Cross Domestic Product, 
GDP). 

This increase cannot be accounted for simply by the 
expansion of the population or number of households 
associated with a somewhat greater use of existing 
electrotechnologies. The U.S. population has grown 
about 18%, and the total number of households about 
40% over the same twodecade Electric use 
has grown about 70%. Indeed, the demand associated 
with existing electric technologies (the ones which 
spawned the electric revolution of the first half of this 
century) would be expected to lag behind the simple 
growth in the use of those technologies because of 
normal continued improvements in electric efficiency of 
those devices and appliances. 

. 

As a matter of historical fact, the u e  of electricity - 
which is fundamentally a surrogate measure of the 
inncased use of electrotechnologies - has grown with 
and synergistirally fed the growth in the economy and 
importantly, the growth in industrial output. Total 

industrial output grew 77% between 1973 and 1993. 
This has lead to a profoundly important transition. The 
oomponenu of the marketplace that use electricity - is, 
all parts excluding transportation, which is to say the 
industrial, commercial and residential secton -now use 
more energy in the form of electricity than in the form of 
direct combustible fuels. 

This transition to an dectridty-dominated economy 
means that the supply, reliability and of electricity 
as an input to the economy are now more important than 
at any previous time. 

A more accurate picture of the role of electric 
technologies in the market place is seen when fuel used 
in transportation is excluded. At the national level, 
historic bends in tnnspocation technology and fuel use 
have virtually nothing to do with the electric sector! 
Only 0.1% of all transportation energy is in the form of 
eIectricity.*O h r  97% of all transportation energy is 
in the form of 02. 

Thus, including the use of transportation energy in 
trends will m e  to hide what is d l y  happening in the 
parts of the economy where electricity is actually used. 
In addition, while the transportation sector supports 
most aspects of the economy in some fashion, it 
represents less than 10% of the CDP." Primary 
economic issues are associated with the non- 
transportation p3rt of the economy, the part of the 
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Figure 2 US. Tiends Excluding Transportation: 1973 - 1993 
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As shown in figure 2, between 1973 and 1993, the 
marketplace consumption of combustible fuels 

CDP." 

(excluding those used in transportation) declined by 
129.. Juxtaposed against the fact that marketplace 
electricity use has grown 70% with the economy's 56% 

.growth, one can only conclude that, overall, 
electrotechnologies are displacing fuel-based 
tl?chnologies." 

Figure 2 a h  illustrates the fact that t h e  has been a 
30% improvement in overall national energy efficiency 
(with respect to all non-transportation activities). In 
1973,558 of non-transportation CDP was suppofied by 

These trends can be summarized in a different way, as 
shown in figure 3. Growth in the economy and the 
industrial, commercial and residential activities has 
been primarily supported by growth in the use of 
electricity since there has been an actual decline in the 
direct use of combustible fuels. The commercial and 
residential parts of the economy have grown 60% since 
1973: electricity use is up almost 80% and direct 
combustible fuel use down 15%. The industrial sector 
has grown 70% since 1973 with an associated 45% 
growth in electricity use and 12% decline in direct 

a million non-transportation Btus. By 1993, the same 
million non-transportation Btus supported 575 of 

Figure 3 

combushble fuel wS 

Changes in the Economy vs Consumption of Fuels k Electricity 1973 - 1993 
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'Figure 4 Industr id+Commuad+Resid~~ Sector Fuel Use 

F d o  wd dirody I 

1913 1993 2010 

Data frmm D O V E l A  Annual Revtew, June 1993: OOE/DA Annual En- Outlook 19%. Jan. 199 

The historical data unequivocally show that electricity 
has been displacing the use of fuels in the market place. 
Since electricity growth is a sumgate  measure of the 
increased market use of electmtechnologies, this points 
to the importance of identifying and understanding those 
technologies - and to the importance of the price of 
electricity which drives those technologies. 

The sectors driving the economy - the industrial, 
cornmedal. and Rsidential (ICR) sectors - have evolved 
h r n  a primary dependence on combustible fuels to a 
primary dependence on energy in the form of elearicity 
(see figure 4). The ICR sectors now consume the mapr 
share of their fuel in the form of electricity." The 
crossover occurred in 1991 when 519; of all the primary 
energy consumed by the ICR sectors was used first by 
utilit:es to genemte elect~icity." in 1993, over 53% of 
all the primary energy consumed by the ICR sectors was 
used first by utilities to genente electricity. 

The transition to an electricitydominatcd economy is 
expected to continue and accelaate. According to the 
Energy Information Administration (EIA), by 2010 
nearly 60% of the total ICR energy will be consumed by 
utilities in order to provide electricity to businesses, 
homes and industry.I8 The sped of this transition is 
apparent in the fact that in 1973 only 32% of a11 ICR 
Seetor energy consumption was in the form of electriaty. 
This transition demonstrates the increasing importance 
of the availability and price of electricity as an input to 
the a n o m y .  

The continuation of electricity as the fuelofthoice in 
the marketplace is supported by pmjections from the Cas 

Research Institute (CRI). According to CRI data, 
summarized in table 1, over 80% of all growth in non- 
transportation energy demand through 2010 wili be 
filled by electricity. This means that both the gas 
indushy and electric utilities expect their single largest 
new source of revenue to come from the same place: 
customer use of elearotechnologie~.'~ - 

Table 1 

Growth in Total US. Energy Consumption 
1993 - 2010 

lkurcr wu I994 &uLnc Roirmonrl 
i s  fm rlcccridy '- 80% of nan-pmrpat.tion energ). 

In broad terms, it is possible to measure the economy's 
changing dependence on any rommodity by mcking the 
quantity requircd to support an inflation-adjusted 
dollar of Cross Domestic Product (CDP). Figure 5 
iliustrates the historic trend (and shows current 
conventional wisdom for the future). 

?he total energy required to support a dollar of CDP 
has been dropping as is projected to continue to drop. 
The economy is becoming more energy eff'idcnt, and thus 
increasingly less dependent on thc cost of fuel as an 
input. At the same time, the aonomy has h r n e  more 
dependent on clectriaty in terms of kwhrs consumed per 
dollar of CDP. This means that the cast of electricity as 
an input has become increasingly important over the 
past several decades.= 

MilL*McGrihy L Inc 
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The bottom line: 
All of the evidence summanred . inthissectionpertaining 
to the imponana of electridty, and thus the price of 
electricity, can be summarized in one over-riding set of 
data: 

90% of the economy user 999% of all electricity 
and 34% of all oil consumd. 

10% of the economy user 0.1 'k of all electxicity 
and 66% of all oil con~umed.~ 

. .  

The 10% of the economy that does not use electricity is 
the transportation sector, which according to 
Depanment of Commem data, accounts for leu than 
10% of the nation's CDP. The activities associated with 
industrial, commercial and residential secton form the 
major share of the economy and a= clearly more 
dependent on electricity as an input than they are on oil. 
Given this reality, one can only conclude that the 
preoccupation with the price of oil as an economic 
indicator, and the virtual blindness to electricitfs price 
is a cany-ver fmm decades ago when oil was in fact a 
larger determinant, and electricity much less signifirant. 

F i g u r e  5 Total Energy and Electricity Intensity per SGDP 
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Part 2 - Electricity, Productivity & Competitiveness 

Brief: - .  
Technologies t h t  use ctctricity - &rotahnologics - 
are the dominant form of new a d  emerging technologies 
that are driving u continuing growth in U.S. 
manufacturing productivity. 

'Productivity :growth has always been a primary 
determinant of economic health. With improvements in 
productivity, unit costs of products can d d i n e  even as 
wages and benefits increase. This combination of 
outcomes allows people to earn more while the cost of 
goods drops. Accordingly, federal and state policies 
cannot be usefully formulated without understanding 
what factors pennit and indeed emurage impvemenb 
in pmductivity. 

Numerous factors, among them organizational changes. 
positively impact productivity. Nonetheless, the useof 
new technologies is one of the most important, and may 
in fact be most important factor driving 
improvements in productivity. For example: 

7echnology is the engine of economic growth. 
In the Uniiui States. kchnologicnl advance has 
been responsible for as much as two-thirds of 
produdivity growth s ine  the L+ession.- 
Clinton Admin. technology & glonomic plana 

Economists typically measure technology pmgress in the 
form of investment in new machinery and equipment. 
Studies consistently show that machinery and equipment 
investment has a strong association with economic 
growth. Lawrence Summers and a colleague found in a 
recent analysis that between 1960-1985, each extra 
percent of CDP invested in equipment was associated 
with an increase in CDP growth of one third of a 
percentage point per year. No other investment factors 
showed as strong an association with economic 
growth.= 

The relevant issue for this analysis is  the extent of the 
role oi elect* technologies in equipment investment, and 
therefore elearicity and its price. in what remains one 
of the most comprehensive explorations to date of the 
role of electricity in the economy, the National Academy 
of Sciences (NASI reached the following principal 
conclusion. 

'Our first and most impo&nt wndusion is that 
electricity plays a very important role in 
productivity growl h.' 

70 fos'n increased produdirrity, policy rho& 
stimulate inn& rffictncy of electrieity use, 
promote the imakment uti 'on of elect r ic  
@&ulopieA when f k y  are economically 
justiflu, and s a k  to lpfllLI the 
&c#&& suwly by remooing m y  rcgulotory 
impediments and developing promising 
technologies to prmidr electricity. femphask 
added)zc 

In previous studies we have focused on !he stmctural 
and mechanical reasons that particular electro- 
technologies yield such clear benefits that the NAS so 
strongly and clearly recommended a 'promotion' of 
electric technologies.% In this analysis, we are focused 
on the NAS recommendation that productivity can be 
accelerated by policies seeking to lmorr tk cost of 
electricity. It is a simple economic malrim that reduong 
the price of a commodity will lead to increased 
consumption. The increased use! of electricity is almost 
exclusively a s h a t e d  with increased use of electricity- 
mnsuming equipment.~ 

Since dcclining electric rates will stimulate increased 
use of electrotechnologies, it will also increase 
modernization - wherein technical progress is 
invariably productivity-enhancing over time. The 
National Academy of Sciences found that technology 
advancement caused electricity use to increase for 23 of 
the 35 industries included in their study. The NAS 
study also found that a decline in the price of electricity 
stimulates productikity p w t h  in 23 of the 35 industries 
and dampens productivity growth in only 12.17 7'hese 
two findings are causally linkcd since electricity is only 
useful as a means to operate the productivity enhancing 
esuipment 

Other analyses have reached the same conclusion about 
these linkages. 

'...long-trm: growth in +tal (id., plant and 
equipment) has been associated with much 
sletper incruses in electric than in non electric 
energy. Since chnnges in plant and equipment 
are tk main cehiclr for achieving technologid 
improuemenis, elctricity's wry high rate of 
growth relafioe to cugital signifies thot 
technofogid progress in manufacturing o w  
fk  course o,/ flu twnticth entury  hrrs shown e 
strong affinity for energy in tk form of 
electricity. -28 
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Figure 6 Productivity Growth I 
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Far from being solely of historical interest, the 
importance of new equipment's role in productivity is, if 
anything, becoming more important. The current 
economic expansion is concentrated more heavily in 
equipment investments thanany other economic mzmvety 
in recent history. Equipment purchases have accounted 
for over 30% of the economic growth in this recovery 

Figure 7 

compared to a more usual 1040 to 15%. Not surprisingly 
then, over 90% of the economy's growth 50 far in this 
recovery is athibutable to a surge in productivity rather 
than to an increase in the labor houri.- The combined 
effect of economic growth coming from increased 
productivity and no significant growth in labor hours is 
strongly anti-inflationary. 

- 
Changes in Manufacturing Output 1970 - 1990 

0 100 200 300 
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Figure 8 Annual in Manufacturing Fuel Use 1980 - 1990 
Total Manufacturing - .  

Materials Fabrication 

Non-Metals Fabrication 

' . MeGls Fabrication 

Materials Roduction 

Process Industries 

-3 -2 -1 0 I 2 3 4 
mNatud Cas m E l e c n i a t y  t Annual Growth Rate 

h t a  born Eklmtahnoky Ref- Guide, EpRf TR-lOlOZl. ubk 24 

There is ample anecdotal evidence that manufacturing 
firms feel more competitive, too. %e ~ t i 0 ~ 1  survey of 
manufactlpingfinnsfound: 

-Fully 90% of tk rur#y revondents belkue 
thry ore doing a better job of meeting the 
competition thun tkry w e  jus! Fze yurs ago. 
Ninety-fiw perun: agree that they have 
i m p r o d  produd pdity significllntly.-JO 

In what amounts to a stealth revolution, manufacturing 
productivity growth has taken off over the past decade 
as businesses have adapted to new tcchnologies (see 
figure 6). 

Most analysts have focused on the widesptead adoption 

response, and natural adaptation to and use of 
microprocessors that biases new manufacturing 
processing towards an integration of electric 2nd 
infomation technologiesP* 

Not only has the cconomy become more productive, but 
in virtually every category of the manufacturing 
-nomy, real output has been rising (see figure 7). 

There are two ways to directly observe the inneased 
use of productive technologics attributable principally 
to electmtechnologies. One is to identify and itemize 
specific technologies. Some work has been undertaken 
in this direction?2 The second is to document the 
dative share of eiectric and ~ h l d  gas use in various 
industries, since the fuel use is largely a surrogate - -  - 

of information technologies as p-ges of produaivity 
growth. In manufacturing, it is the flexibility, speed of 

measureofthedroiceofequipmenL 

Figure 9 Change in for Fuels in the Manufacturing Sector 1960 - 1990 
Total Manufacturing 

Materials Fabrication 

Non-Metals Fabrication 

Metals Fabrication 

Materials Production 

Process Industries 
1 1 7 

-20 -10 0 10 20 30 40 
55 Change 

-I 
I 
1 
1 
1 
I 
i 
I 
1 
I 
I 
1 
1 
I 
I 
I 
I 
1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
1 

-10- 

F i p m  10 Total for Fuels in the Manufachuing Sector 1980 - 1990 

Total Manufacturing 

Materials Fabrication 

Non-Metals Fabriation 

Materials Prduction 
~~ 

Roaers Industries 
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4. of Market rn Natural Gas LI Electricity 

D.l. from Flatmt- Ref- Culdc EPRITR-101021, table 24 

The use of electricity in manufacturing has bear growing 
at nearly 2 percent per year, while the use of natural p s  
has been declining by about 1 pacent per year since 
1980. F i p  8 shows that the disparity holds acmss the 
various types of manufacturing. Even where natural gas 
use has been increasing, such as in materials fabrication, 
the use of electricity has been growing twice as fast.= 

Figure 9 illustrater the inevitable result of the rising 
e!ectric use in conjunction with declining fuel- 
combustion use in manufacturing. In the decade 1980 - 
1990, electricity increased its marketshare in 
manufacturing by 20 percent, while M ~ U I ~ I  gas declined 
overall by nearly 5 petcent. Again, even where natural 
gas gained marlet share in a specific manufacturing 
Sector such as metal fabrication, electricity gained an 
even greater sham This result arises from marketplace 

choices in the types of equipment purchad and used. 

Despite the clear p k r c n c e  of the manufacturing sector 
for electricity in terms of thc changes in market share, 
natural gas is still the dominant fuel used in 
manufacturing. As shown in figure 10, natural gas has 
484. of total manufacturing fuel use compared to 
electricity's 24%. This suggests that there remains 
significant oppomnities for investment in new electric 
technologies, and in all likelihood, with attendant 
improvements in productivity and gormnic growth. 

As is shown in figure 11, electficity is projected to 
continue to capture market share. Process indushies are 
the most unelgtrified, with over 50% of market share 
taken by natural gas, and electricity capturing under 
20%. Process industries account for 61% of 

Total Manufacturing 

: +  
Materials Fabrication 

I Materials Fhduction 

-5 15 35 55 75 95 
% Growth in Electricity Demand 

Dala from Dccuotechnology Reference Guide. EPRI TR-101021. tabk 
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manufacturing sertor energy aonsumption.~ -city 
is gaining ground in that mor,  with significant 
implications for electric demand and fuel mmpetition.% 
Elecnic price is a mo= important determinant in process 
industries than in the other manuhauring sectors. 

It is not only the absolute increase in the use of 
electricity, but the increased share of electricity that 

. points to a growing electrotechnology dominance in 
manufacturing. Sectoral shifts or overall equipment 
efficiency improvements may mitigate electric 
consumption growth, but cannot not fully account for 
the phenomenon observed in the data prmented k 

A survey of manufacturing fums undertaken by the 
Kansas Electric Utility Energy Research Program 
provides insight as  to the importance of 
elearotechnologies to businesses.% Detailed survey 
responses from 335 finns provided the KSU researches 
with a statistically valid sampling of the state's 
manufacturing activities. The study found about 40% of 
Kansas manufacturers use some type of 
electrotechnology and a "high percentage" were 
interested in leaming moreabout elechotechnologies. 

This transition towards an increasingly electricity- 
dominated manufacturing -or contains a number of 
important impliat ions. With increasing elearifica tion, 
markaptace activities: 

. 

Become less dependent on raw resources; 
electricity can be genwated with a very broad 
variety of fuels. 

Are effectively insulated fmm fuel price swings 
h u s e  fuel constitutes only one share (ranging 
from 40% to 70%) of the total number of 
components contributing to the mst of electricity. 

Achieve greater flexibility in adopting new 
technologies because of the inherent flexibility of 
electricity. 

Enpy h o u r  environmental benefits due to the 
low or zero impact of elcetric-based technologies - in effect, environmental issues are tmnsfemd 
to the supplier of electricity. As a practical 
matter, this means in many cases that the 
environmental impact is removed from population 
centers, and is easier to monitor and manage at a 
central loation. 

Other analyses have documented the energy efficiency 
and environmental improvements associated with 
inneased use of dectmtechnologies.~ 

A recent U.S. Department of Commerce study on 
manufacturing technologies both supports the 
conclusion that advanced /productive technologies are 
predominantly electric technologies and validates their 
energy efficiency benefits. In a survey of over 6,000 
manufacturing plants' use of advanced manufacturing 
technologies (talcen as de \acto indicators of greater 
ploductivity), the Commem study concluded: 

The incrcpud rrpplicotion of tku !c&noiogts 
mpy ad to &maw overall mergy drmnnd whk 
at the same time incrcnsing electricity kmand.' 

- 
'Plants which utilize h i g h  numbers 01 
advaned technologies are less mngy intensiw 
and reiy more hromly on electricity as a fuel 
sourer: use less Ovqy per unit of output, but 
consume a higher proportion 01 electricity; 
plants our 30 years old are the most energy 
intensive and rely most heavily on non- 
eicctricity.-J8 

. 

There ue hundreds of e l ~ e c h n o l o g i ~ . ~  The types 
of benefits arising from some representative 
electrotechnologies are summarized briefly in table 2 
And an analysis of patent data suggests that a large 
share, probably over 40%, of all future manufacturing 
innovation is associated with emerging 
elect mtechnologies." 
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Table 2 Examples of Elcctrokchnology Production & Economic Benefits 

! 
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Part 3 - Does price matter? 

Brig: 
Consxmcn and businesses fa1 ony strongly about :k 
price of electricity. Eoidnu of tk importonu of pice, 
not to giw shod drip to public and politid rcactwn to 
utiJity rate incrases, is found in Wall Strui. Wdl Strut 
andysts strongly favor utilities that cun compete 
s u c ~ f u l l y  QS lcto-cost prwidcrs. 

In April this year, the California Public Utilities 
Commission (CPUC) completed a 14-month study on the 
effects of an inneasingly competitive environment for 
electric utilities and the direction utility regulatory 
policy should take. Issuance of the CPUC proposals 
catalyzed strong reactions across the country in both 
popular and trade pressn The CPUC was by no means 
first in proposing to adopt policies that would move 
regulated electric monopolies towards a competitive 
environment.'' 'rhe CPUC proposals nonetheless 
included the first proposed schedule to implement the 
plan and thus galvanized much of the debate that was 
a lmdy  underway.= 

The central goals contained in the CPUC proposalr - 
- c m t e  downward pressure on rates 

assist investorowned utilities to compete in 
increasingly competitive markets 
reduce administrative burdens of the present 

refonn utility regulations to reflect increasing 
competition 

- 
reguhw regime - 

Ltilities are well aware of the importance of low 
rates.'6 Typical of many rcactions is that of Pacific C a s  
6r Electric Co. which, in preparing for stiffer 
competition. recently announcd that it will continue its 
19-month k e  on retail electric rates through 199S.n 

Since much utility policy ends up being laced with 
various environmental, social and technical ideologies, 
Wall Sheet analysts arguably provide an ideologically 
agnostic view of utility policies. For example, a 
Pmdential Securities evaluation of utilities identifies 
the following key competitiveness indicators:n - how cheaply a utility generates power 

- whether or not cheaper nearby comwtors  exist 
- dependence on industrial customers 
- record in forging favorable, Le., low, rate 

a m e n t s  with big customes. 

The utilities that best meet these criteria, according to 
the same analysis, tend to be in the South, Southwest and 
West. Not coincidentally, these regions correlate 

Millr ..uccuchy & 

strongly with the availability of lowcost electricity 
predominantly provided by coal-fired generation.m 

In a simiir evaluation, Daniel scotto, managing director 
at Donaldson, Luffkin & Janrette reached the following 
conclusion: 

'&muse of the k n d  Ifor l a p  cost ptorr) by big 
oorporale ~LVIS .- t k  lutaityl winnrrr are tilrcly to 
be plain-milla, coal-bad electric utditts." 

The best utilities tend to be those that compete on pria. 
That Wall Street analysts consider that coal-fired 
utilities a n  compete on price is merely a reflection of the 
precipitous drop in the costs of controlling emissions 
from coal combustion with new technologies. In 
addition, with long-term, lowcost and stable supplies, 
coal looks tough to beat on price. 

'Ihe Wall Street vote for utilities that a n  supply chmp 
electricity is  a direct reflection of the marketplace's 
hunger for cheap electricity. For example, a recent 
survey of commercial and industrial customers found?' 

38% would switch electricity suppliers for a 5% 
rate reduction - 53% would switch for a 10% m e  reduction. 

Such survey results are, for quite obvious reasons, at the 
heart of the mnmversy. This also underscores the far- 
reaching complexities associated with proposals to 
encourage greater compctition for eleenicity markets. 

The business market is not substantially different, in 
terms of *ce sensitivity, than the residential market. A 
similar survey of residential customers found that for a 
5% rate reduction, the share of customers that would 
switch to another utility would be? 

- 

49% if thei: current rates were "very high," 
41% if their current rates were "a little high," 
27?0 if their current rates were "low." 

This strong rcsidentia: sensitivity to the cost of 
electricity is in significrnt measure a consequence of the 
share of a household's budget that is ocmpied by utility 
costs. For example, fo: families in the lowest 20% 
income bracket, a household's total utility bills are 
about equal to total mortgage, taxes and maintenance 
expenses. Even for the households in the top 20% 
income brackct, utility bills are still nearly onethird of 
cornbind mongage, taxes and 

Auocuca. Inc 
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The residential customer's concern with price should 
send a clear signal to electric utility plannen. And for 
those who believe, despite all-market evidence to the 
contrary, that people will feel good about paying more 
for a product (e.g. a kilowatt-hour) because of 
environmental/consemation progmms, consider the 
results of a national Roper survey. When people are 
asked to rank factors as determinants in making 
purchasing decisions, the survey found that people rate 
the following factors as importants - 

- 6496pri~e - 47% quality reputation - 26% well known/well advertised - 18% environmental record. 

82% past experience with $rand 

Many utilities are, oi course, rerponding and have long 
respondcd to customer concerns over price. Over 20 
states have allowed utilities to offer special low mtes to 
large industrial customers who might othenvise seek 
lowertost self-generation.M The implications of a d e  
regulated and competitive environment make the stakes 
higher. American Electric Power is, for example, 
implementing a trial program to permit residential 
customers to have more control over costs through real- 
time variable electric rates with their Transtext system. 
The system permits a customercontrolled, threetiered 
rate structure reflecting the cost and availability of 
power during different times of day rnd different 
seasons. A customer can, for example, =leet different air 
conditioning temperature set points for different prices 
of e~erricity.s 

The key to such a control system, and others similar to it 
across the country, is the use of r d - t i m e  com- 
munications and control systems - i.c, an information 
'superhighway linking utilities and their customers. 
The value of such a capability for improving elearical 
service and lowering costs has l a d  to utilities being one 
of the mapr playcrs in installing fiber optic links to 
residences. Beyond the implications for utilities to 
engage in the sale or collabontion of other information 
services, this trend highlights the linkage between end- 
use electric technologies and information technologies. 
Indeed, increased flexibility and control over costs from 
such real-time information systems also serves to 
accelerate the market useof elechotechnologies.ss 

While undmtandable self-interest in preerving one's 
own money is an obvious driving force for *nsitivity to 
elearic mcs, more is at stake. Electric rates can set a 
tone for and directly impact business and p b  prospects 
in a region or state. Both anecdotal and statistical 
evidence support the importance of electric rates. 

For example, in a contmemps between Governor 
Cuomo's office and Forbes magazine, it was instructive 
to see how prominently elearic rates pbyed in a debate 
over the attractiveness of New York State to businesses. 
Forbes blasted state policies as being anti-business 
growth. In identifying aght central points of contention 
with Forbes over its claim that New York was a 
business disaster, New York State Director of Economic 
Dwelopment cited elechic rates as the number two item 
(workers' compensation was the fint), and attempted to 
cut  a positive light on New York's high cost electricity. 
His daim: 

I 

' I  

'According to tk EEX, t k  highrst rates charged 

about 115 mats pn h h r  (as of last Iuly 1) for a 
wry s d l  UM; more tvpicnl would be about 8.8 
m t s .  Comparable rata charged by lPennsyiuaniP 
utaityj PP&L range pom 7.7 to 9 9  onts.' 

by N Y S E b C  fir indvstripl cvstomos works out to 

New York State's defensiveness over high electric rates 
b well placed. A Forbes 1994 survey of the states with 
the best and wont p b  prorpca conelates remarkably 
with electric rates (although that w a s  not the intent of 
the survqr). Forb establish4 an index to rate futun 
p b  pnnpects by statc based on six key indicators: tax 
shutture, cost of energy, 00s of labor, impact of defense 
cuts, and Clinton health care proposals and export 
markets. As the data earlier in this report illustrates, 
the cost of electricity rather than the cost of =ener&' 
would be a more a a x n t e  pdictor  of economic health 
Nonetheless, the electricity price comlation between 
states with good and bad p b  prospects is remarkably 
strong. 

Forbex predicted strong p b  growth in 23 of the 50 
states.M The 12 states with thc lowest electric rates 
included seven states with the best job prospects. 
Inversely, we found that the 12 states with the highest 
electric rates included 11 states with the worst p b  
ProJpecrs. 
Table 3 - lob Proso@& 
Lowert G t t s  

c 

I 

t Electric Rates 
Highest Rate9 
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Electric Rates & Inflation 
Rising inflation is one of the most feared and damaging 
ws in any emnomy.. 

-Inflation studs our savings, upsas economic 
d c u b t b n ,  punishes bond ho&lm, and bails out 
debtors. 90 

tk pliu of gold and the output of facio* to 
Tg ~ r m l  ~IILcdolcs. Thry are also ggyinp mo 

Ion to humen 6s uchofoPv: rofably 
investon' -ctutioa of inpfion, an ora :kt 
has long exasperated economists who UK 
compufer models to predict 
Imphasis aided1 

While no one doubts the importance of lceeping inflation 
under control, inflation is notoriously difficult to 
predict and has all of the earmarks of soothsayers 
reading entrails. 

Inflation indicators commonly watched by analysts are: 
commodity prices, manufacturing capacity utilization, 
and housing  price^.^ Of these three broad indicators, 
both commodity prices and manufrctuhg capacity have 
direct, but largely ignored, links to electricity, and the 

Traditionally, when manufacturing capacity reaches 
82.5% utilization, economists see the pressure on 
demand chasing the capacity to provide goods as 
inflationary. In early 1994, manufacturing capacity 
utilization reached 835%, although most analysts did 
not see inflationary pressures commensurate with this 
traditional signaLg5 The Rasons may well be rooted in 
the failUte to account for technology progress, and thus 
modify the capacity "higger poinr accordingly. 

It is almost certainly the case that manufacturers are 
today able to operate at higher utilization levels than in 
the past without comparable stains on their ability to 
meet demand and thus the related impacts on price. 
Manufacturers can operate at higher utilization levels 
than previously because of the increased productivity of 
manufacturing opeia!ions, and i n  particular the 

' lgd a wfir what I think L going on b a d  on g&g of elearicity. 
the information,.' Fd g m r  in a New York 
T i m  intmicw.91 /en+asis p d d ~ d ]  

With inflation, the differenae between cause and effect is 
not only unclear but there is also a feedback loop. 
Because of the arcane nature of the factors driving 
inflation, it is clear that perceptions matter almost as 
much (perhap more) than substance In simplest terms, 
as dollan chase commodities, a typical market response 
is for prices to rise. The chase heats up  if there is a 
perception that prices may rise - which increases prices 
and heats up the chase, and 50 OIL= This dynamic seems 
uncomfortably dependent on perceptions. If m n t  New 
York Times interviews with Fed officials is any 
indication, perceptions matter. 

'Fed ofjicials said they rocre putting g m ~ t c r  
ulcighl on the economic indicators ranging fiom 

F igun  12 Total Commodity Purchasese9 
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extensive use of advanced tahnologies, information 
technology (not to mention such adaptations as just-in- 
time inventories, which are in turn made possible by 
new technologies). As previously discussed, it is the 
increased use of elgtrotechnologies and in particular 
their integration with information technologies, that is 
central to the quiet revolution in manufacturing 
productivity. 

The other principal inflationary leading indicator is the 
change in price of the commodities basket. Here too 
electricity has a large role. Of the commodities tracked 
and reported, oil is the one that captures media attention 
most frequently and therefore help feed the perception- 
reality feedback loop. Oil price changes generate 
prominent media coverage with explicit l i n k  to 
inflation. Typically: 

. .  .. 

'Drop in Oif Prius is  Likely l o  Benefit 
Consumers by Kuping InJlation Low,' ,&& 
s r u r  I& BdC7 1,1993. 

Dcspite the fascination with oil (and its unquestioned 
importance in the transportation sector and 
intternatioml markets), the evidence nonetheless suggests 
strongly that it is not a pre-eminent inflationary 
indicator. The absolute price of oil did not signifiantly 
change manufacturing costs when oil prices innea rd  
and cannot directly account for inflationary trends in 
t h r  past. In one study of 24 industries that use large 
amounts of energy, their perfonnance and costs of 
pmduct did not significantly suffer when oil prices rose 
in the past. % 

Consider: 90% of the economy uses 99.9% of the 
elmmicity (as reviewed earlier), three times as much 
money is spent on electricity compared to oil in those 
economic markets (Le., excluding transportation which 
accounts for 10% of the economy and 66% of oil 
consumption). Put another way the 90% of the economy 
that uscs elertricicy obtains 53% of all the energy needed 
in the f o m  of electricity - not combustible fuels, 

Table 4 - CRB Index List of Commodities 
Meats cattle, hogs, bellies 

imporaed coffe, coma, sugar 
Misc. orange juice 
Industrials 

Grains 

Mctals gold, sihra. platinum 

crude oil, cotton, copper, unleaded gas, 

corn, wheat, soybeans, soybean oil, 
s o h n  meal 

heating oil lumber 

whether oil or natural gas. Why then is electricity not 
included in the oommodities bad&? The answer may be, 
in part, that the traditional basket was created in the 
1950s when electricity was a comparatively small 
aDmmadity. 

?he Commodity Research Bureau's index of futurts 
prices incorporates 21 goods, including oil, gasoline and 
heating oiLW 

Trends in ovaall commodities pri- are, almost as much 
as oil prices, monitored for their predictive effect on 
inflation. 

-1j commodity pries are on fk  upswing, a n  
inflation be far behind? 77uzt.s ON of tk k q  
questions bugging finuncial markets and 
Amrria'r Federd Rueme these duys. So jar 
fhis year, tk Commodity Research Bureau's 
spot priu index of industrial raw mferiab ksr 
risen a iufty 12.7'k.' M n n s  Week sa 

Even single nonoil commodities are watched as 
important indiators of inflationary trends. 

'Inpation-roatckrs f& no&: Augus: i s  t k  
Criticof month for determining how big t k  soy 
mop will be. That's significant because tk 
Commodity Research Burcnu's Indrr of 21 mujor 
commodifies - un importun: buromrter of 
inflution - is kuoily influenud by price 
changes in suybans.* Burron's 99 

Table 5 itemizes the amount of moncy the nation spends 
on the various commodities included in the "basket," 
with electricity and natural gas added to the list for 
comparison.'w Rgurr 12 shows the trends in total 
purchases. Clearly electricity i s  the predominant 
oommodity, even though it is not in any basket. Figure 13 
aggregates the total amount of money spent each year on 
these selected commodities As the data show, the 
inclusion of electrici!y not only substantially changes 
the total amount of money spent on commodities, but its 
share of the total basket is rising. 

Civen the substantial role that electricity plays in the 
overall economy, in pnduaivity p w t h ,  and the price 
sensitivity of the market to electric prices, and now the 
commodity on which more money is spent than any other, 
the obvious question to ask is: 

Whuf hapens to tk picr index of tlrc commodities 
bas& if dectricity is mrrdc port of fk  4uation? 
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Figurc l3 Commodities Purchased1o* 
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The CRB commodity basket price index is an unweightd 
indcx designed to indicate overall price pressures 
associated with commodities. Relatively small changes 
in the index are believed to have a large multiplier effm 
on inflationary trends in the emnomy. 
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The commodity basket price index is substantially 
altered by tire inclusion of elechicity as a commodity, as 
shown in figure 14. The inclusion of elearicity in the 
pnce index alters the change in the index by over 3 
peKentage points in 7 of the 10 years from 1980 to 1990. 

So far in 1994, the traditior.al commodities price index 
has been rising, without an apparent commensurate 
inflationary response. While there arc n u m m u s  factors 
influencing inflation, it seems very likely that the large 

quantity of stable electric prices may be playing a 
hidden moderating role. Including electricity in the 
commodities basket would quench the inflationary heat 
caused by increased prices in other ~ornmodities.1~3 
Some perspective on the impact of electricity in the 
market basket can be acquired by looking at broad 
impacts or price changes. 

The large effect small change in elearic prices have on 
the economy can be demonsmted in two ways. Both the 
change in the total amount ci money spent puxhasing all 
of the commodities in the basket as well as the change in 
the weighted price index of the basket can be calculated 
for a change in price of a sinsle commodity in the basket. 
The basket used for these comparisons includes 
electricity, and the price index for the entire basket is 
modified accordingly.'m Table 6 shows the effect of 
doubling in the price of a n i m k  of rnmmodities. 

- 

Doubling the price of electricity, an 'accomplishment' 
that has been effected in a few states, would have a 
dramatically larger impact on the economy than 
doubling the pnce of any other commodity. The total 
cost of thc commoditler basket would increase by 44'70, 
compared to doubling the  rim of g a d i n e  which would 
raise the cost of buying ail commodities collectively by 
only 1440. Simiiarly, the price index of the basket, the 
harbinger of inflation, i s  moved 5 points by doubling soy 
prices, but 32 points by doubling electricity prices. 
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Another way to illustrate the relative importance of 
these representative commodities t shown in table 7 
where the inverse of the logic u r d  in table 6 is 
presented. Table 7 shows the price changes required in 
the commodities that would l a d  to the same overall 
impact on the b a s k  

A 10% inmaw In the t0t.l coot of 

23% rLe In clcctrlcpdcu, or a 
7l% rireln &uollne prim, a a 
367% * b ~ @ p r l a s O r I  

To a significant extent, utility trading in wholesale 
markets already treats electricity as a cammodity. For 
example, Consolidated Edison CO. of NY has established 
a Megawatt-Hour Store using an on-line computer 
system for enhancing exchanges of power. Con Ed 
already buys over half of its electricity in the bulk 
power market. According to Con Ed, volume trading 
provides a competitive edge and the computerized 
hading saved its Customers S18 million in the fint five 
months of 1994 compared to same p r iod  during the 
previous year on the old system. Con Ed's overall 
trading in elearicity was sux) million in 1993 and is up 
204. this year. There are of course praa ia l  differences 
between trading clectricity and wheat, the most 
important of which is demand from electric customem 
and thus electricity trading frequently must take place 
24 hours a day. Currently, Con Ed trades focus on 

hourly, daily, weekly and monthly deals. 

There are signs that electricity's role as a commodity b 
beginning to be recognized. The New York Mercantile 
Exchange, the world's leading market for en-related 
cDmmodity trading, plans to intrPdua electricity futures 
contracts in  1995. The model? Natural p s  
deregulation.10" While the trading will likely be limited 
to only some markets initially, probably the West, it 
seems likely to expand. Even before trrding expands 
from the West, the price declines that will almost 
certainly be created by the competition will directly 
affect the nation's commodities basket. Around 20% of 
the nations electricity b sold in the westem region.'.01 
If competition drives prices in the West down by an 
avenge of 2096, it would reduce the national average 
price of electricity by about 3%. This 3% reduction of 
national electricity cost would reduce the price index by 
about 12 percentage points, and d u e  the total cost of 
aommodities purchased by an amount equal to reducing 
the cost of gasoline 11 %, or reducing the cost of gold by 
179%. 

As electricity is increasingly recognized as the 
commodity that it is, and, os the markets become 
increasingly competitive and fractionated, prices will 
vary dramatically and inclusion of e l m c  prices in the 
commodities basket will be vital. 

. 

The macrosconomic importance of cheap elertricity's 
moderating form on inflation can be simply illustrated. 
lnht ion has the effect of d i n g  people's savings. 
Every percentage point increase in inflation 
pcrmanently robs at least (does not include cost value of 
real assets such as land) 530 billion each year from the 

I 
nation's savings acCOunts.'w 

Commodity Price VoSatility*O0 
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Part 4 - Where is the price of electricity going? 

Ed#: - .  
Economic and competitive forus are increasingly 
competing tpith sock1 forus in t k  electric area. The 
former form dnror electric prices d a a .  The latter dnmr 
p r k  up. Trends point to t k  likelihood that the cost df 
rlectriaty d l  drop dramatidly OFKI t k  nut 20 yaws. 

Social goals, exercised through the transmission line, 
tend to raise electric rates. Economic and technology 
forces over time tend to lower electric rates. According 
to Business Week 

'Enmramcntalists ... hac #ectiorly u d  t k  
regulatory system to goad utilities into adopting 
cnergy-efficiency program and into buying 
p o w  from renewable sourccs. But if retail 
competition is allowed. the lowest-priced 
supplier would win. Environmentalists say 
that's short-sighted and ignores the public 
benefits of lower consumption and diverse 
supply sourccs.'l10 

This observation from Business Week underscores why 
so many environmentalists are anxious to create a 
system in which environmental externalities, among 
other things, can be u-ed as yet another tool to incmse 
electricity costs. The states in which mandated 
censervation programs and renewable energy pmjects 
have been most aggressively required by public sewice 
commissions also tend to be the fame states that have the 
highcst c l 6 c  rates: California, Maine, and New York. 
for example. 

. 

Mainc provides an instructive example of the bizarre 
cirrumstances that have come to surround the aonomio 
of elmecity. Maine is a state that has been battered by 
an economic downturn, and has seen its electric rates 
soar from among the lowest in the nation to among the 
highest. Bangor Hydro, one of the state's utilities, has 
been engaged in a two-year battle to lower electric 
rates. Two years ago, an editorial in the Bangor, Maine, 
paperobserved: 

'The fates: word out of Augusta on this rvic 
rduction, which could suw Maine businesses 
I n s  of thousnds of dollars? TU stuff wants to 
frrmf it as a rate increw,  requiring erpnrrioc, 
elaborate filings and, if history is any guide, 
inkrminnblc and costly 

They were right. Over two years later, in a July 20, 
1994 filing with the state commission, Bangor Hydro 

Continues its attempt to provide competitive, i a ,  cheaper, 
electricity. They propose to be allowed to have the 
flexibly to lower rates any time they need to help 
businesses and meet competition - but under the 
proposal the utility would not be able to raise rates 
without going through traditional rate pmcedures. 

Maine's opponents of cheap electricity and pponen t s  
of DSM and alternative energy admit that electric rates 
have increased because of the programs they have 
advocated."' But the advocates of high-priced 
electricity claim that the subsidized renewable energy 
projects have provided direct and "indirect" 
anpbyment, and: 

7k bises:  gain i s  tk signiJicantly r e d u d  
arbon d i o d e  missions.' 

Setting aside the arguably irrelevant value of the 
"biggest gain" (and ignoring the implied cost of this 
"gain"), and setting aside the possibility that the 
policies actually increased carbon dioxide emi~sions,"~ 
the real issue is the extent to which high-priced 
elearicity has harmed the State of Maine. High and 
rising electricity costs affect a state's economy in two 
ways: production costs in the commercial and industrial 
sector rise relative to other states/regions resulting in 
loss of competitiveness, lost sales, and an attendant 
reduction in demand for inputs from the state, redodng 
wages etc. The second effea is a decline in consumer 
purchasing power. 

A comprehensive study of the effect of higher electric 
rates in Maine found 

'Using an economtric model a 1090 inease  in 
electric cvsls for fk sfate I d  to a 023% drop in 
mployrrsnt. 02790 drop in output CSP, 0.194; 
drop in p m o d  i n o m ;  rdudion cf m 1,700 
jobs in employmmf, 575 mifIion in oufput and 
568 million in p e t s o d  it.ccme.'114 

Maine actually experienced a 30% increase in electric 
cpsts relative to the n s t  of the +on and nation. 

Where then are electric rates trezding? As figure 15 
illustrates, the national average price of electricity is 
about the same today (in inflation adjusted terms) as 20 
years ago. 

One might argue that the trend illustrated in figure 15 
means that on average the social and economic forces 
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Gpital Assets Required 
per Dollar of 

Electric Utilities $3.03 
Mining $1.74 
communicltions $1 -09 
Railroads $1 -68 
All Manufacturing $0.92 
Retail Trade 50.52 

F i p  l5 Historic Cost of Electricity 

1 

Q 4y 
" 3  

have balanced each other out to the publitfs benefit. Or, 
one could argue that today's avetage electric rates could 
have been much lower than they are. The tensions 
between the toms of social engineering and competition 
are going to be more powerfully engagd than in the past. 
Ascertaining which foxes will likely dominate requires 
an m i n a t i o n  of the mmponenk of those forres. 

l%ere are three main components to the social 
engineering agenda: - Demand Side Management (EM) to reduce 

electricity use - Environmental externalities to "capture- 
wiregulatad environmental impacts 

- Alternative energy to replace conventional fuel 
and power sources. 

Each of these components of the social engincering has 
aspects that are laudable, achievable, and cost+ffective. 
I t  is the zealous pursuit of these programs that creates 
economic problems. Here we very briefly review the 
economic aspats of thee three components. 

Demand Side Management (DSM) 
An en t i e  industry and academic discipline has arisen 
on the subject of DSM. We make no attempt here to 
dwell on this subject except to note the basic thnxst of 
this aspect of social engineering. The underlying logic of 
E M  programs is that there are often cheaper ways to 
save electricity than to make it. Civen that electic 
utilities are the most heavily capitalized businesses in 
the nation (see table 81, utility management should be 
and frequently is receptive to ways to minimize capital 
requirementr. 

M M  programs that are fundamentally costeffective 
(i.e.. those that unequivocally cost substantially less 
than generating additional power) make sense for 
utilities to pursue, as a minimum as a wise aspect of 
customer service, However, as the 'cream' in DSM is 
taken away, programs are chasing increasingly 
expensive avoided costs and can be oversold 
(ovenelling is g e n d l y  unintentional, either because of 
an inadequate appreciation of a market's response, or a 
failure to a m u n t  for full-program costs.) 

A rcview of the Bonnevillc Power Authority's DSM 
program, for example, revealed typical BPA E M  
programs cost rising from an original level in the 4 to 
St/kwhr range to 7 -llc/kwhr.ll' Such costs do not 
compare favorably to a 4c/kwhr or lower costs of 
purchasing or generating power in the Western region. 

The super-efficient home refrigerator is a preeminent 
aample of overselling a DSM technology. Technologies 
clearly exist that can make even the currently most 
efficient home refrigerator significantly more efficient. 
Advocates frequently advocate that utilities should 
directly subsidize homeowners' purchase of such 

evaluated the field of homr refrigerators, and also 
equipment. A recent issue of Consumer ReDort S 

I 
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undertook a test and evaluation of the "world's most 
efficient refhgeratof delivering a withering critiosm of 
it on all counts: energy savings, economic viability, 
practicality and sen~ibility.~~' 

As public utility commissions increase sautiny on DSM 
programs, many utilities are backing off of earlier, 
overly ambitious commitments primarily because they 
an? too expensive; ie, they tend to raise electxic rates. 

Environmental Externalities 
The concept underlying environmental externalities is 
simple: even when power plants fully meet federal and 
state environmental regulations, they still emit some 
pollutants. These pollutants are "external" to the 
regulatory process, but nonetheless, it is argued, have 
both an environmental and financial cost to society. The 
solution? Normally, if the scientific evidence supported 
an environmental impact, regulations would be tightened 
up to reduce the emissions. However, when this is not 
possible (because of the weakness of the evidence), 
envimnmentalists propose to 'guesstimate' the residual 
cost associated with these externalities and then add 
them to the cost of the eleariCity.'l6 Typically, these 
quantification's of externalities leads to penalties per 
ton of emissions of SO - $300 for sulfur oxides, 568 - 
51600 for nitrogen oxides, 51200 for volatile organic 
compounds, 51200 for particulates and S-515 for 
carbon dicxide (this last of course is not a regulated 
emission since it is a benign gas and not a pollutant 
unlike the other pollutants which are regulatd)?I9 The 
net overall effect of there penalties will increase the cost 
of elecnidty fmm power plants with more externalities 
and thereby dixoumge their use; i.e, sending the "right- 
price signal to the market. Typically, these penalties can 
add 10% to 15% to electricity rates. In many cases 
the externality penalty has the potential to increase 
raws from lowtost  coal-fired power plants u p  to 
4t/kwhr.l2I 

. 

To support their theories, which perforce require 
imaginative stretches, many extemality proponents use 
'proof by association' as a typical justification: i.e, 
they list other states where externalities have becn 
implemented to just3y doing it in the shtedC-jOur. This 
has the effect of promulgating a silly idea.'P 

The fundamental problem with this theory is the failure 
of its advocates to understand it. Environmental 
externalities associated with a kilowatt-hour exist 
at the power plant and at  the point-of-use of the 
electricity. The external environmental impacts of using 

an electrotechnology are just as  real a s  the 
environmental impacts of making the electricity to 
operate the electrotechnology. A vast array of 
electrotechnologies are used for there fundamental 
economic benetits, but becruse of the inhcrent efficiency 
of their operation, they also eliminate more emissions 
than arc created at the power plant. Electric vehicles 
pre the most familiar example of thiis phenomenon. 

In order to determine the actual net environmental 
externality of electricity, residual emissions from the 
power plant must be offset by the emissions eliminated in 
the marketplace. When this type of correct full fuelqcle 
calculation is undertaken, one typically finds that there 
is a net decline in environmental impacts associated 
with most elearotechnologies. Put another way: 
increased electrification typically dec:eases 
environmental impacts, taking into account power 
plants. This fact has been extensively reviewed in other 
analyses?= 

Table 9 summarizes the results of typical externality 
calculations for some repmsentative electrotechnologies. 
The reduction in CQ and NDx are shown taking into 
account national average fuel use at the power plant. 
The energy savings an? shown as a percentage reduction 
in the total fueliycle compared to the fuel-bated 
alternative to the electrotechnology, and the emissions 
reductions arc shown in pounds of emissions eliminated 
for every 1,OOO kwhn of electricity used to operate the 
respective elecnotechnologies instead of the non-electric 
alternative. Electric Power Research institute 
calculations shows that by 2010, the i n n e r d  use of 
IS reprcsentative electrotechnologies will of course 
increase electric demand, but will also lead to a net 
reduction in total fuel-cycle energy use of hundreds of 
millions of hrreis of oil equivaIent per year.124 

Nonetheless, advocates of environmental extenulities 
are proposing :o undenake proper full fuelcycle 
evaluations. Instead, they are focused on penalizing 
electricity users for the environmental impacts of power 
plants without giving credit for end-use environmental 
benefits. Should externality theory be properly applisd, 
it would, on average, have the inverse effect of that 
intended by its advocates: usen of elechicity would be 
paid (not penalized) for using electrotechnologies. If a 
ton of NOx has a value of 51,000 and a specific 
electrotechnology used by a business resulted in a 
power plant emitting onc ton of NOx each year, but the 
technology being operated by the end-urer eliminated 
two tons of NDx per ymr, the end-user should be paid 
Sl,ooO, not penalired 51,CIOO for the electricity used?ts 
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Table 9 - Examples of Fuel-Cyde Savings From 
Elcctrotcdurologies*~ 

B&amnnelfQDkWh 
T . d u p h *  - L c o p  bKk 

Rencwables 
Environmentalists and the media have had a long love 
affair with renewable energy. The campaign for 
renewable energy is being raurrected almost verbatim 
from the hid programs of the late 1970s and early 
1980s. Typical of the obsemations: 

'Large amounts of renewable energy..arc 
available for generating electricity ' 'most 
utility plannrn fail to rccognizc tk substantial 
economic bcnejib of adding rmunmblc ov18y to 
their resource mir.'*W 

Central to the support for renewable energy 
technologies is the i d u  that the so-called non- 
renewables (coal, oil, natural gas, primarily) are 
running out and we had betta hurry and replace them. 

Dire warnings of an impending oil shortage with 
attendant escalating prices is the first refuge of all 
advocates of expensive alternatives. Claims for a 
sustained oil shortage within the foreseeable future are 
simply not supportable by facts (more about this later). 
The literature of prognosticaton is littered with oil 
shortage warnings. For orampk 

7 k  r e m :  decline in t k  rate of dircoorry of 
NUI petroleum firtds in this country h a  giucn 
tiu to tk p a t i o n  of what tly a n  do to znai t k  
demand.... Grcat Brifain, CmMny, and Japan 
are d n g  syntkt ic  OB and gasoline. flow & 

to c o d  a n 'Porous rtS# rrh vrom am 
Lhnt methods will be oooilablc to 

g k n  tk wt rolcum su to falL.' 
(From t k  February 29f4, Sckntific Amrrion, 

s u v v l y  
lrccess a n  I i w i d  fur& from American coals 

re-publirhui Febwry  1924.) 

Current advocates would substitute the phrase 
'renewable energy" for the phrase 'American coals' in 
the above quote, but the idea is not much different. The 
impending oil shortfalls of 50 yean ago and of 20 yean 
ago have not materialized, nor have any sustained price 
escalations, to justify supporting more expensive 
alternatives. The key here of course is cost. Alternative 
energy that is cheaper than conventional energy would 
have no difficulty competing for ntariret share 

But, claim advocates, alternative energy will eventually 
bemme cheaper. Statements of this kind (see the example 
below) are virtually identical to those made 20 Y C ~ K  

ago. 

i 
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'Most of the renauables are still infant 
technologics wifh big cvst disndormtages.'12B 

The renewable advocate's approach: what if prias for 
gas, coal, oil rise? Investing in renewable (which they 
admit are more expensive 'for now-) will provide a 
hedge against this vigorously prodaimed inevitability of 
rising prices for conventional energy.*29 Setting aside 
theha that the states which bought this argument in the 
1980s are now paying for it (literally) because all other 
forms of power are still much cheaper than renewable, 
the advocates' argument fails the obvious logic test. 
What if the price of the competing conventional energy 
sourns declines? What is the total downside financial 
risk then? Simple evaluations reveal downside risks 
substantially larger than upside benefits. 

Alternative energy advocates have another "what if" 
construct: what if environmental regulations become 
stricter (something that renewable advocates work 
vigorously to ensure through use of uternality theory), 
then using mewabler now will provide a hedge against 
such an economic calamity. Once again, this argument 
requires a full financial exploration (the type of 
financial risk/benefit calculation businesses and 
homeowners regularly undertake). What if 
environmental regulations become less difficult to meet, 
w hc ther through r e p  latory relaxat ion or technology 
progress? For example, early in the acid rain debate, 
many feared (hoped?) that mtting Sox emissions would 
cost over S2000/ton; however, the actual cost of 
compliance is about 3400/ton and falling rapidly. 

The net effect of mandating the use of renewable energy 
is simply to raise the cost of electricity?m 

"Those Altnmonf windmills produce power for 7 
to 10 v n t s  a kilo-watt-hour, comporrd with 4 
m t s  or &s for conventional fossil fuel plants. 
k & c h  rrrould be ouk of businas m e  it not for 
tnx braks and fcdcral and state mandates thf 
have f o r d  pcople to buy its products .... Tk 
mandated businrcs with Krnctech amounts to a 
hiddo! tux that klps  raise P&&&'s ra ta  509; 
d o o r  tk natwnaf am?rage.m*l 

Economic Foras 
I t  i s  possiblc to divide into three areas the principal 
economic foras  driving down the price of electricity 

competition 

raw fuelinputs 
technology 

Unlike the social forces reviewed above, all of these 

aonomic factors have! the effect of putting downward 
pressure on electricity costs. Again, for purposes of 
amving at an understanding of the overall trends, the 
following summarizes an extensive! body of resevch in 
each a m .  

Competition 
The demand for electricity has increased for the past 
two decades, and i s  projected by virtually all analysts 
(including those that are trying to avoid demand) to 
inc~ase  for the next two decades. Increasing demand 
for a product increases competition to provide the 
product, especially in an inaersingly competitive 
market. The typical net effect of this rising competition 
is declining prices. The central driving force in the 
competitive electricity market is the fact that new 
generating faalities can produce lowcost power. Over 
time, economic forces will drive electric rates to those 
low levels. 

& ever less upensive sources of electricity become 
available, customers seeking cost benefits (large 
industrial customers for example) will increasingly put 
pressure on their traditional suppliers for rate 
concessions. Utilities facing these choices almost 
always accommodate their customers, or at least attempt 
to do so. In some c a w  regulators do not give them the 
latitude. The difficulty Bangor Hydro of Maine is 
having (discussed earlier in this report) in lowering 
rates is not atypical. The New York Power Authority 
was not permitted to lower r a t e  to meetor-bt the Cost 

of cogeneration from a large G e n e d  Motors facility, 
which wulted in that facility leaving the system -with 
the attendant rwenue loss to the utility. The reality is 
that it is usually more expensive to replace a lost 
mstomer than to keep an &sting one. Utilities have a 
tremendous incentive in a competitive market to price 
power just above incremental costs, otherwise aisting 
power plants become undenrtilized thereby raising the 
cost of power to remaining ntslomers. 

In addition to the declining cost of new "green-field" 
construction, utilities have at their disposal two large 
reservoirs of untapped cheap electricity: underutilited 
coal-fted power plants, and yet-tebrefurbished older 
fossil-fuel power plants. 

The nation's existing coal plants operate at just under 
60% capacity factor. Operating these power plants at 
full capability o! 75% capacity factor would provide 
over 450 billion more kwhr of supply, equivalent to 140 
new 500 MW genemting plants.132 The ~ g i ~ l  cost of 
this additional electricity will ?x substantially less than 
3e/kwhr, and nay  be as low as ISt/kwhr. 
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Figurr 16 U.S. Electric Pricesyu 
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Repowering old power plants Is another less obvious 
category of additional, cheap power that has been 
largely ignored until very recently.w Over 3,000 M W  
of repowering is already proposed. About 20% of the 
existing coal-fired capacity and 50% of oil and gas 
capacity are over 35 years old, representing a total of 
10,000 MW of generation.Is Far from being retired, 
many of these power plants can be refurbished and 
"tuned up" to produce even more power than their 
original design. This option is fquent ly  the cheapest. 
For example, at the end of last year San Diego Gas & 
Electric re@ed IS IPP bids to proceed instead with a 
repowering of one of thar  existing older power plants 
because it was a substantially cheaper option?" 

Competition to provide electricity is increasing and is 
coming not just from Independent Power Producers (IPPd 
competing with utilities, but also from traditional 
utilities functioning as IPPs in the bac)o/lrds of other 
utilities. For many utilities, it is a basic maxim that new 
sources of m n u e  should come first from areas in which 
they have direct or directly derivative experience. If 
revenue growth is inadequate in the local service 
territory, clearly seeking new revenue from a coxe 
activity - supplying electricity as an IPP or wholesaling 
it - in someone else's service territory is an obvious 
option. 

ne effect of competition is dramatieally demonstrated in 
figure 16 above. Here the national average cost of 
electricity is compared to the range of costs from IPP 

projects in those years. The low and downward trend 
of elgniaty available fmm IPPs will, over time, pull the 
cost of the entire system downm 
Long time successful IPP CEO and prognosticator Roger 
Sand succinctly observed: 

*If today's low pries psist, tk economics of 
lowr-cost p o w t  will likely overwhelm tk 
regutatory stem now in p k . - ' =  

If overwhelmed, and the economic gloves come off, 
competition will be fierce and prices are likely to 
plummet. The decline in the price of electricity is good 
for the economy and for customers, but it will create 
substantial stresses and turmoil in the electric utility 
business. This reality suggests that utilities should be 
wary of pressures to raise their electric costs IS it will 
put them at a substantial disadvantage vis-a-vis 
competitors for their customers regardless of the specific 
Rgulatory outcome 

Technology Pmgrcss 
Competition is one of the sustaining forces that advances 
technology. The technology of etectricity generation, 
transmission, and distribution is advancing at a rapid 
pace. Power plants and associated systems are 
increasingly efficient, more reliable, and easier to 
maintain. These advances all have in common one 
outcome: the cost of electricity delivered to customers 
gar down. 



Coal-fired generation is the technology which typically 
involves the most extensive mateials handling combined 
with rigomus environmental regulations. Yet progress 
in aew types of highly efficient and squeaky clean 
combustion technologies makes it clear that advanced 
coal-fired electricity will meet and exceed all 
environmental regulations while delivering electricity 

:for 4 to 5t/kwhrJS Because of the abundance of coal 
as a.resoure, this economic d i t y  rets a de facto ailing 
on competition for much of the country. Costdfective 
technologies already exist to allow coal-fired power 
plants to match the low emissions characteristics of 
natural gas genmtion.'" This will continue to l e d  to 
competitive responses from the tghnologies for natunl 
gas fired (and even oil-fired) generation. 

-25- 

many cases t h m  have been economies fmm scaling up 
power plants, and these economies -in largely d. 
Even IPP providers which started with small power 
plants, are moving increasingly to hrge power plants, 
because of economies of scale. But technology progress 
has been the underlying factor in driving down the costs 
of technology to generate and deliver electricity. No 
serious student of technology doubts that this p r o p s  
is  continuing. 

A wide panoply of technologies beyond the generating 
plant are emerging that will direEtly reduce the cost of 
electricity to consumers. Advances in high-powered 
solid state devices will soon make it possible to reduce 
by over 10% losses in transmission switching. High 
temperature superconductors will not only reduce 
transmission costs, but also genention and end-use 
technology costs. Advances in control systems are 
permitting more efficient integration and dispatch of 
power sources, which again has the effect of reducing 
the ultimatecost bo CONUZIIBS. 

It has been claimed that there are no more "economies of 
scale" left in the electric business to support the dmp in 
the cost of electricity which occurred for decades 
following the advent of the electric age. This view 
confuses technology p p s  with scale economics. In 

Basic Fuel Resource 
The tnunp card for every advocate of noncombustion 
technologies is to point to projections showing rising 
projected fuel costs for oil. gas and coal. Buy the more 
expensive alternative now, we are told, to protect 
against future fuel price rises. The problcm is that there 
is no historical record to support the belief that fuel 
prices will rise, nor is there any current evidence to 
support such a hend. Fuel price escalation's are simply 
a fiaion.141 

Figure 17 illustrates a typical phenomenon - although 
one largely missed since prognostications of a decade 
ago a= typically forgotten by the time the same analysts' 
predictions are trotted out ten years later. - 
Figure 17 shows the U.C. Department of Energy's 1980 
projected 1990 price increases for oil, coal, natural gas 
and electricity. DOE projcctions both then and now 
generally reflect the conventional wisdom of other 
prognosticators, and further DOE projections are those 
most commonly used by a11 analysts. As the f i p e  
shows, not only w e e  thc propctions of a decade ago 

F i p  17 DOE 1980 Price Projections to 1990 vs Actual Changes 
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wrong, they were dramatically wrong. All prices were 
projected to rise significantly by 1990. None did. 
Compared to ten years ago, coal is cheaper today 
(Compared to 20 years ago, coal is about same price.% 

Oil price projections are frequently viewed as the bell- 
weather indicator of where energy prices in geneml are 

. trending.- This preoccupation with oil prices arise in 
part because of  the magnitude of the international oil 
trade, in part for psychological reasons (perhaps rooted 
in the shock of the 1973 oil embargo and attendant price 
exalation), and in part because of the almost immediate 
affect oil prices have on homeowners' transportation 
bud-. 

According to current DOE projections, oil prices 8m 
trending up.143 By 2010 DOE'S "reference case" 
projects that oil will reach about SOlbbl in today's 
dollars. It is instructive to note that oil prices (in 
constant 19885) haw stayed between 56 and Sli/bbl 
for a11 but five yean over the past century."' All 
indications are that mapr oil producers can continue to 
make a profit at SlS/bbl.'" When the price of oil 
finally rose over S25/bbl for several years in the late 
1970s energy competition was 50 intense that the price 
rapidly collapsed (eg., new oil aploration, the use of 
supercomputers and even satellites, new extraction 
technology such as horizontal drilling, etc.). Today oil 
can be found readily for about S / b b l  in finding 
costs.'16 On top of that the p v e d  reserves of oil - i.e., 
the amount proven to be available at current prices - 
have typically been sufficient for 10 to 15 years of 
consQmption, and have remained at that lcvel for 50 
yean."' 

Even without considering the historical, ultimately a 
price ceiling for oil i s  established by the cost of 
delivering OPEC natunl gas to markets. Over time, the 
market cannot sustain a price for oil that is greater than 
the cost of delivering OPEC natural gas to world 
markets via LNC t a n k .  Natural gas a n  be used in 
many of the applications where oil is used now. That 
price 7ticks in" at around S O  to S2S/bbl. Here OPEC 
is in a strong position to supply that fuel with 40% of 
the world's proven natural gas reserves, an amount 10 
times greater than US. reserves.'Y 

In the electric generation business coal prices are the 
principal determinant of the cost of delivered energy 
since 55% of a11 electricity is coal-fired, and this 
dependence will still be the same 20 yean from now. 
Coal prices are projected to be stable and decline in -1 
terms over the next two d e e d e ~ ? ' ~  

All things considered then, what is the trend for the 
price of electricity? Figure 18 illustrates today's 
conventional widom.= 

Some comfort may be extracted from figure 18 in that 
electric rates are not projected to rise over the next 20 
years. But given the evidence summarized in this 
analysis, there are substantial reasons to believe that a 
declining trend would be prefcrablc. To ascertain if the 
conventional prowion is likely, the components of the 
projection need to be evaluated. Figure 19 shows the 
pmjated trends for the inputs that make up the final mst 
of clectricity: capital, operations and maintenance 
(OdrM), fuel, and purchases h m  IPPs (excluding taxes 
and related fees).'51 

Figure IS Electric Cost Trend k Projection 
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Figun? 19 Components of Electric Price Projection 
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Based on the evidence =viewed here, the projections 
illustrated above seem reasonable for two of the four 
components. There is no doubt that capital costs to 
build and OCM costs to operate power plants are 
declining. However, there is no evidence to support the 
bclicf that fuel and IPP purchases will increase in cost 
OVCI the next 20 years. In fact, the evidence reviewed 

here support a view that thee  two inputs will define. 

Figure 20 below shows what the aggregated price 
projection for electricity look like when all of the 
inputs are put together correctly, which is to say 
trending downward in cost. The nation's average cost 
of kwhr is likely to be bclow Sc by 2010. 

Figure 20 Modified Electric Price Projection 
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Part 5 - Implications & Recommendations 

The purpose of this topical report has been to address 
the question, Does Price Matter? The evidence 
reviewed shows that: 

- 
- people and businesses prefer cheap electricity 

electricity is the primary energy input to the 
G m m y  
competitive forces drive prices down 

new end-use technologies are biased towards 
electricity 

- 
- technology W S  drives prices dorm - 
- new technologies increasecompetitiveness - cheap electricity is anti-inflationary 

Can alternative energy and DSM programs survive in a 
competitive price envhrunent? The pursuit of DSM and 
alternative energy programs should continue. But such 
programs should be held to a standard of meeting or 
beating declining, not increasing, electricity costs. Any 

DSM or alternative energy p m p m  that cm compete on 
price will, by definition, deliver high value to both 
utilities and to customers. Not only will the economy be 
afforded the benefit of additional cheap elearicity, but 
all of the putative bencfits of such p r o p m s  will be 
genuindy achievd cost.efkctively. Clearly, many DSM 
and alternative energy programs cannot meet this 
standard.= 

In any case, as discussed in this report and extensively 
documented elsewhere, the energy efficiency and 
environmental benefits which are the ostensible 
motivation for DSM and alternative energy prognms, 
are also achievable through increased electrification. 
And, increased electrification is most readily stimulated 
by reduced prices of elearicity. In such a framework 
the energy efficiency/environmcntal gains are not just 
"least cost" but are achieved at a maximal benefit to 
Society. 

I 
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never realized begin to terminate, especially in California 
Solar thermal, biomass, and geothermal will be the hardest hit, 
although some wGd pr4ects will also face dif€icdQ lf6 ' 

national implications are apparent given that over 90% of the 
nation's solar, geothermal, and wind capacity is installed in 
California 

' NNRE'GENERAl lON MU SCENARIOS 
Against this backdrop, public support for renewable resources 
persists for energy security and perceived environmental rea- 
sons. While the EPht  created barriers for further growth 
(and even re-licensing) of hydroelectric projects, it provides 
investment and production tax incentives for electricity gener- 
ated &om wind, geothermal, solar, and some types of biomass. 
This study examines the costs, capabilities, and feasibility of the 
various renewable energy technologies (excluding hydro), as 
well as state-of-the-art coal and natural gas technologies, and 
projects the future U.S. generation mix under three scenarios: 
(1) Base Case; (2) FUI and Open Competition; and (3) Subsidy 
Intensification. 

The results of this analysis show renewable technologies pro- 
viding just under 3% of the U.S. generation mix by the year 
2000 and about 4% by 2010, according to the Base Case 

RENEWABLE CAPACITT ADDITIONS VS. DELIVERED FUEL PRICES 
1979.1 991 
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THREE SCENARIOS 
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as the foundation of the country's baseload capacity at 54% and 
53%,respectively 

Because renewable energy projects are not cost competitive, a 
FUI and Open Competition scenario predicts a dramatic reduc- 
tion of non-waste derived renewable energy generation by the 
year 2000, resulting in economic failure under 1980s vintage 
contracts in California and the inability of proposed new plants 
to win power sales agreements or secure financing. Waste- 
derived renewables continue to operate and grow only as an 
alternative to the costs of landfilling, open burning, and other 
waste disposal options. 

However, the most telling results o c m  under a Subsidy 
Intensification scenario which posits a 50% subsidization of 
renewables production costs - bringing average levelized costs 
in line with today's most competitive power alternatives. Even 
with this level of subsidization, electric generation from renew- 
ables garners only a 4% share of generation by 2000 and 11% 
by 2010. At the end of the forecast period, coal maintains its 
key role as the baseload fuel of choice at 51% of the mix, 
although natural gas falls to 11%, down from 18% under the 
Base Case scenario. 

Therein lies an important finding of this study-that renewable 
energy sources stand to gain at the expense of natural gas 
more than any other competing technology. The reasons are 
many, but include the following: 1) renewables and natural gas 
play similar roles in the dispatch order: 2) renewables and nat- 
ural gas will compete directlyfor small to mid-sized generation 
additions; and 3) coal will garner over half of all new generation, 
first through increased capacity utilization at existing plants 
and then through the construction of additional baseload 
projects which provide reliability and economies of scale. 

TECHNOLOGY REVIEW 
Contrary to popular belie& electric generation technologies are 
not always interchangeable, since they exhibit important 
distinctions betuteen capability, resource availability, locational 
feasibility, and cost. Even within the category of renewable 
energy technologies, important differences persist. Demar- 
cations e-dst between technologies that are combustion and 
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The Role of Renewable and 
Traditional Energy Resources in 
America's Electric Generation Mix 



Energy Choices in a Competitive Era 

U.S. GENERATION MIX, 1994 
P G E D o N v n m * N D N o K u l l L n r ~ ~  

OIL316 HYDRO% NATURAL 
GAS 1 1 %  

RENtWABE2% \ \ I 

COAL 55% NUCLUR 20% 

SOURCE: r7DI I995 

OQcUnvE S u * M n  2 RESOURCE DATA INTEEMIlOt4U INC 
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IN 1994, US. UECIRIC UTIUTIES GENERATED 3 trillion kilowatt hours of 
electricity from a mix of energy resources, including nuclear 
power, hydroelect&, coal, natural gas, oil, and emerging renew- 
able technologies such as solar, geothermal, biomass, and wind. 
For the country as a whole, coal-€ired power plants accounted 
for 55% of all utiliw and non-utility electricity generated, with 
nuclear power contzl’buting 20%, natural gas 11%, hydroelectric 
9%, and oil 3 4 .  Non-hydro renewable energy sources, includ- 
ing biomass, municipal solid waste, landfill gas, solar, wind, and 
geothermal, accounted for 2%. 

As the country moves forward, demand for electricity is 
projected to grow at a rate of 1.5% per year. New generating 
capacity must continually be added to the nation’s fleet of 
power plants and choices must be made about which technolo- 
gies to employ At the same time, the electric utility industry is 
undergoing a profound period of change and uncertain@ as the 
result of the Clean Air Act Amendments of 1990 (CAM) and 
the Energy Policy Act of 1992 (EPAct). While the CAAA are 
aect ing generation and fuel choices, EPAct is heralding in an 
unprecedented level of competition and affecting the very 
ability of some utilities to survive. 

This increasing emphasis on competition, in combination with 
the lowest fossil fuel prices in decades, is driving utilities and 
non-utility generation developers to choose traditional 
technologies for their capacity additions. For example, about 
7,300 megawatts of new cod capacity are currently under 
construction or planned by utilities. 

Meanwhile, the number of renewable energy plants under 
development has slowed dramatically and large portions of the 
renewable energy industry face economic failure as 19809 vin- 
tage power sales agreements based on high oil prices that were 
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WIND POWER Y 
The United States i s  the world's largest producer of eledricity gen- 

. ,ernted from wind turbines, with installed mpoaty tatoling 1,725 
megawatts os of 1995. Although more than 90% of thot mpocity 
is lomted in California, utilities in six other states wrnntly oper- 
ate pilot projecn The further spreod of wind power is limited 
geogmphimlly because the wst majority of the munrry's major 
wind *ems am locoted in blifornio and the Gnat  Ploinr 
Other limiting focton indude the intermittent nature of wind, 
which results in o typical annual copoaty utilization of 30%, and 
the land area required for siting wind forms. Avian mortality has 
also been ated os o problem, with preliminary studies finding 
hundreds of red tail howh and dozens of golden eagles killed in 
turbine blades every year at just one wind form in blifornio. 

S O U R  THERMAL @ 
I 
L There are three well-developed solor-thermal technologies avoii- 

able today thot con transfer solor energy into turbine-based ela- 

tricol generation, induding parabolic trough, pombolic dish ond 

central receiver. All of these technologies rely on four system 

components: receiver, coileaor, convener, and tronspon/storoge. 

Like wind, solor thermal technologies provide intermittent avoil- 

ability and ore limited by resource availability to the Southwest 

and California. Although 354 megowafts of mpoaty ore opemt- 

ing in California today, unhvomble energy market economics make 

development of new projedr unlikely through the end ai the  am^- 

v. 

SOLAR PHOTOVOLTAIC 
In 1994, aver 400 utility sponsored Photovoltaic (Pv) sites pro- 

duced dose to 14 megawatts of copoaty for the grid. While mort 

of these utility projects ore very small (less than 0.001 megaworn) 

ana non-cost-effective in comparison to traditional genemting 

tethnofogies, industry specialists feel hot Pv economics my 
someday be pushed aver the threshold into market viability. 

Xi optimism is driven by the increasing produdion of consumer 

Pv tells (to., those used in watches and mlculotors) and o grow- 

ing demand for stand-alone Pv systems in developing countries. 

Newheless, costs arrnntly remain high for centml genemtion 

from Pv technologies. The most promising om for the technoloc 

lies in remote opplicotions, where the cast of installing or upgmd 

ing distribution lines or sutstotions moy be mors expensive thon 

installing o Pv generator at o new demand center. In addition to 

economic limitations, solar Pv is limited by intennitmt 

milobility. 

%y 
d a  

GEOTHERMAL 
Four geothermo! technologies are commercially available today: 

Dry Steam, single F!ash, Couble Flash, and Binoq Cyde. Dry 

Steam utmcts notumlly occurring stcam from o well and runs it 
diredy through o turbine. Flash plants pull hot water from o we 

into a repamtor tank where lower pressure allows o portion of th 
woier to 'flash' into neom and run through o turbine. Binary 

Cyde technologies run hydrothermal fluids in one loop ond o 

power fluid (isobutone or ammonia) in another. These NO loops 

align in o heat exchanger where the power fluid i s  voporind and 

then run through a turbine. 

Geotherma! plants have proven o high availability, reaching 

annual mpoaty utilization beyond 90%. However, os with the 
other naturally octumng renewable energy sources, geothmnoi i 

limited by resource availability. biifomia, Newdo, Utoh, ond 

Oregon possess almost all economicoily mmcmble US. geother- 
mol reserves, although portten exist in other western states. 01 
:he 2,700 megowatts of US. operating copody, 90% ore locoled 



wind depend on natural forces to provide their energy and 
t h e f o r e  expei-ience lower levels of availability Hydroelectne 
generation takes place primarily in the Spring when water is 
plentiful, while lower levels of generation occur in the Fall and 
Wmter when water is more scarce. To some extent, utilities am 
control availability by storing water in reservoirs. Conversely, 
storage &hnologies for solar and wind generation are not yet 
commercially available. Utilities employ intermittent wind and 
solar generation according to seasonal and even daily statistical 
probabilities, but cannot predict availability with absolute 
certainty Capacity utilization for these technologies falls 
below 30%. 

- _  .. - 

_ -  

A TYPICAL DISPATCH PROFILE 

PhKING PLANTS 
1 0  

DISPATCHABILITY 
The ability to control and draw on capacity to meet different 
levels of demand is central to electric utility econorrrics. 
Throughout the day, utilities experience a relatively constant 
level of demand called "baseload" and a moderately fluctuating 
level called "intermediate." Sharp spikes in demand are called 
"peaks" and can occur when a large number of customers 
demand power simultaneously. A typical demand peak, for 
example, occurs when everyone turns on their air conditioners 
on a hot summer afternoon. 

Utilities dispatch power plants at these different levels accord- 
ing to capability and cost. Plants assigned to baseload must be 
capable of continuously providing large amounts of electricity 
at a low operating cost, while plants assigned to intermediate 
load must be able to handle moderate fluctuations and are 
allowed a somewhat higher operating cost. Peaking plants 
must provide generation on very short notice, with less empha- 
sis placed 01: cost. Therefore, coal and nuclear plants have 
historically served as baseload plants, not only because of their 
size, reliability, and low operating costs, but also because these 
technologies work best when operated at a continuously high 
level. Natural gas and oil serve as peaking units because of 
their higher variable costs and ability to increase generation 
quickly. Intermediate units consist primarily of larger gas 
plants with lower variable costs, as well as some older coal 
plants with moderate operating costs. 
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MUNICIPAL 3011D WASTE (msw) 

The Environmental Protection Agency (EPA) defines muniopol 

d i d  woste (MM) os residential and non-pram industrial 

WOS~S, ududing indumial process wastes, hmardaus wastes, 

muniapal sludge, ond construbion or demolition worn The 
United States generates aver 200 million tans of Msw every  ye^ 

with 84?4 of that volume mnsisting of organic materiol and 16' 
consisting of icorganic moterial, such as glass and metals. 

Residential waste accounk for between 55% and 65% of amuai 
volume. Just less thon two-thirds of all Msw is  disposed of in 

landfills, with approximately 20% recycled and more than 17% 
incinemted. 
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While some porn of the public support MSW I an alternorive to 
landfills, athen decry the environmental impaar of incinemting 

garbage. Indeed, emissions of heavy metols ond other toxic el& 

ments are much higher from the 2,300 m e g m m  of uirting M! 
plonts than from any other combustion t&nalogy. Nmheies 
strider €PA landfill regulations are increasing the cod of londflll 
with the effect of mmporatively improving MSW c c o n ~ m i ~  
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UNDFlM GAS (LFG) 6 
In addition to direct cambustian, garbage con also servo as an 
alternative energy murre in a gaseous form. Once a landfill 

becomes rompacted and all aerobic boderio (i.e., those requiring 

oxygen) disappear, anaerobic bacteria begin to proliferate. Over 

the course of anpvhere from 10 to 100 yeorr these bacteria 

produce quantities of methane and arbon dioxide (C02) gores, in 

cddition to other trace elements, that must be vented ond either 

flored-off or released into the atmosphere. Recognizing a paten- 

ti01 resource, a number of landfills now recover these landfill 

gases (LFG) far electricity generotion or resale into gas markets. 

In 1991, fully two-thirds of all recovery prajeas generated 

electricity from 377 megawatts of mpaoty. 

BIOMASS Q 
Installed US. generating capocity bored on biomass fuels stood at 

7,415 megowons in 1992, with more than 81% of that figure con- 

sisting of non-utility generation from wood ond lumber industry 

residues. In fact, biomoss is  the jorgest of 011 grid-connected 

renewoble energy sources, representing almost half of all installed 

US. renewable capacity (not including tradition01 hydroelectric). 

In mony senses, biomass is hordly exotic or even an 'emerging' 

technology. Biomass boilers are not very different from coal bail- 

ers, and the idea of burning ogriculturol waste is not new. 

Whot is  radical, however, i s  !he concept of tultivoting energy ucpr, 

and wen energy iorests, for the primory purpose of fueling bail- 

ers. Although Le Energy Policy Ad of 1992 (EPAct) provider a 

1.3 per kilowon hour production ?ox d i t  to he techndqy, 
cash remain high and then are wrrently no plants in commdlci 

apemtion. Siting difiiculties and land requirements add to high 
cash in preventing development. One estimate holds thot 12% 
the country's farmland would be required to pmvide 109'0 of I 
notion's electricity from such power plants. 
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U.S. INSTALLED RENEWABLE ENERGY 
CAPACITY VS. CAPACITY OF O N E  
NUCLEAR B ONE COAL-FIRED PLANT 

ECTAL INSTALLED CAPACI~V IN MW 

non-combustion, waste-derived and naturally occuning, inter- 
._ pittent and continuous, and land ink &e and non-intensive. 

However, the renewable energy technologies considered in this 
study have all developed to the p i n t  of commercial application, 

WABllJTY 
The essence of an electric generation technology may be 
summed up in a characterization of its capability. Capability in 
this study is defined as the ability to generate electricity based 
on generating capacity and availability In other words, capabili- 
ty determines the extent to which a utility can rely on the 
technology to meet electricity demand. 

At the most basic level, generating capacity determines the 
amount of electricity that a plant can generate at any one time. 
Renewables vary in this regard from micro wind, solar, and 
landfill gas sites of less than one megawatt to about 150 
megawatts for the largest biomass, solar, and geothermal 
plants. New wind farms are also generally limited to 150 
megawatts or less, although the largest farm in the world, 
Tehachapi in California, exceeds 600 megawatts. Limitations 
on size result from both technological optimization and limita- 
tion of the available energy resources. By comparison, U.S. 
coal plants average 706 megawatts and range to over 3,000 
megawatts. 

The ability of a utility to draw on generating capacity depends 
on the availability of the plant. Combustion technologies, such 
as coal, natural gas, biomass, municipai solid waste (MSW), and 
landfill gas (LFG), in adciition to the non-combustion geother- 
mal and nuclear technologies, present a high level of availability 
dependent only on planned and unplanned maintenance outages. 

One indicator of availability is a plant’s capacity utilization rate, 
which is a percentage of actual annual generation versus annual 
potential generation based on capacity. In this regard, new coal 
plants typically achieve capacity utilization in the range of 
75435% due to consistent fuel supply and relatively high 
availability, while LFG plants fare much worse as the result of 
unplanned outages that may average 51 weeks. Biomass agri- 
cultural waste plants may also experience somewhat lower 
capacity factors due to the seasonaliv of certain fuel stocks. 
Non-combustion technologies such as hydroelectric, solar, and 
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While renewable combustion technologies and geothermal may 
fit into this scheme, a special niche must be found for intennib 
tent technologies. Solar and wind can neither be relied upon to 
provide large amounts of contirhous generation for baseload 
nor can they be called upon to provide immediate generation 
for peaking. To adapt to these resources, utilities use 
intermediate or peaking generation to fill-in p e r i d  of I& 

- solar or yind generation. In a similar vein, some biomass 
plants provide generation seasonally, displacing traditional 
baseload or intermediate capacity when agricultural waste 
fuelstocks are plentiful, 

- 

Hydroelectric acts in the same wax with large displacements of 
coal and nuclear generation occurring in the Spring. Yet, this 
seasonal displacement of coal and nuclear plants is supported 
by the extremely low production costs of hydroelectric, while 
higher costs for solar, wind, and biomass generation provide 
little justification. 

ECONOMICS 
Production costs work in concert with capability to determine a 
plant's position in the dispatch order. If available, the least cost 
plants run first and the highest cost plants run last. This study 
compared the levelized production costs of the various renew- 
able technologies, as well as coal and natural gas, to determine 
the competitive positioning of the technologies capable of 
providing new generating capacity. 

There are three key factors that enter into the calculation of 
the levelized costs for each competing technology: 1) the cost of 
constructing and running the plant; 2) the projected cost of the 
fuel; and 3) the capacity utilization rate. RDI relied on EPRI's 
1993 Technical Assessment Guide (TAG), in addition to vendor 
interviews, to determine the most likely plant designs and capi- 
tal costs available today For the cost of fossil fuels, RDI relied 
on its most recent regional fuel price forecasts as published in 
its 1995 Outlook for Coal and Competing Fuels. Capacity uti- 
lization for fossil and combustion-based renewables plants is 
based upon the assumption that new plants will operrte at the 
high end of the capacity currently attained by the newest state- 
of-the-art power plants for each technology. The following is a 
list of designs and operating parameters used in the base case 
cost analysis for each technology. 

. .  
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LEVELIZED PRODUCTION COST 
COMPARISON, BASE C A S E  SCENARIO 
l:,Icsr I N  1993 DOLLA~S) 

U E C V l l V f  SUMMARY 10 * REJOURCE MU I N r E W A T l W  INC 

nwmowILL TECHNOLOGIES 
.Pulverized coal (PC) plant with wet flue gas desubrization 

. .locaked in the Southeast. h e  400 megawatt unit burning 
bituminous coal, with an annual capacity utilizsrtion of 80%. 

.Atmospheric fluidized bed combustion (AFBC) coal plant 
. located anwhere in the US. One 200 megawatt unit burning 

b i t d o u s  coal, with an annual capacity utilization of ~WO. 

*Natural gas combined cycle turbine (CCT) unit located 
anywhere in the US. Capacity of 225 megawatts running at 
a 65% annual capacity utilization. 

RENEWABLE TEC"0LOGIES 
*Wind variable speed 0 2  megawatt turbine located in a Class 4 
wind regime. Technology is based on the NREL Concept 1 
with control electronics and advanced design a o i i s  placed on 
a 50 meter tower. Annual capacity utilization assumed at 29%. 

*Biomass fluidized bed combustor burning wood and located in 
the West. One 50 megawatt unit operating at an annual 
capacity utilizatiorr of 70%. 

*Waste-to-enerjg WTE) MSW mass burn plant located in 
the West. 40 megawatts operating at an annual capacity 
utilization of 70%. 

*Geothermal doubie flash plant located in the West. 1 to 25 
megawatt unit operating at an annual capaciw utilization of 90%. 

*Solar flat plate Pv located in the West. 50 megawatt capacity 

=Solar thermal parabolic trough located in the West. 80 
megawatt capacity operating at a 40% capacity utilization. 

Sensitivities were examined for financing assumptions, regional- 
ity and capacity factors. In the end, the analysis found that coal 
technologies are consistently the least-cost generating option. 
With delivered fuel prices declining by 408 to 50% in real terms 
between 1983 and 1993 and coal-fired boiler capital costs follow- 
ing a similar magnitude of decline, coal has been able to outpace 
t!!e gains made by renewable technologies and natural gas. At a 
levelized production cost of 3.34 to 4.44 per kiiowatt hour under 
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V&OUS discount rate ~ S S U ~ P ~ ~ O I I S ,  State-of-the-art coal PC boil- 
ers lead the list of new generating options, followed by AFBC 
coal plants at 3.94 to 52e pew Howat, hour. Natural gas CCT 
ranges in cost under these scenarios from 4.14 to 4.54. 
Renewables (including their subsidies) with the most promise 
include geothermal units with levelized costs ranging from 6.4e 
to 8.9g per kilowatt hour, wind at 6.2c to 8.7$, and MSW from 
6.94 t o  11.94. 

Cost estimates also varied regionally, with pulverized coal 
under the Base Case discount rate assumptions ranging from 
4.2g per kilowatt hour in New England to 3.94 per ldlowatt 
hour in the the South Atlantic. Natural gas combined cycle 
plants range from 5 . 0 ~  in the South Atlantic region to 4.04 in 
the West South Central, and biomass from residue ranges from 
9.3g in New England to 8.34 in the South Atlantic. In the end, 
a general analysis of the costs and capabilities of each energy 
resource may serve to educate, but a final decision about 
energy choices cannot be made without assessing the specific 
resources and projects in question. 

In order to assess the costs associated with the anticipated 
g romh in renewable electricity generation-that is, electricity 
generated for the grid-the study examined the implications of 
both the Base Case and the Subsidy Intensifxation scenarios: 

The Base Case scenario projects that total non-hydro genera- 
tion from renewables wili grow from 73 billion kilowatt hours 
(BkWh) in 1995 to 180 BkWh in 2010. At today’s differential 
between the levelized cost of the most competitive generation 
and the projected mix of renewables, the cumulative “above 
market” cost of this generation between 1995 and 2010 will be 
$52 billion (1995%. 

The Subsidy Intensification scenario posits a 508 subsidiza- 
tion of renewable energy. Under this extremely aggressive 
scenario, renewables generation grows from 75 BkWh in 1995 
to 450 BkWh in 2010. For comparison, this level of generation 
is roughly one-fourth of today’s coal-fired generation, three- 
fourths of today’s nuclear generation or 110% of today’s gas 
generation. Using current levelized costs as a basis of 
comparison, to achieve this level of generation the cumulative 
subsidies would total $203 billion (199%) between now and 2010. 



LOCBTION 
Different regions of the United States are endowed wiq differ- 
.ent energy resources. The West enjoys ample sob radiation, 
wind, and geothermal resou~ces, while the East enjoys abun- 
dant biomass resources. Nakrral gas and oil are concentrated 
in the Gulf of Mexico and Alaska, and coal reserves are situated 
in the Appalachians in the East, the Illinois Basin in the 
Midwest, and the various coal basins of the Mountain regi'on ' 
and Southwest. However, while coal, oil, and natural gas can be 
transported both physically and economically to other parts of 
the country, renewables generally cannot. 

I .  

The fact that 90% of the nation's current solar, mind, and 
geothermal generation resides in California is no surprise when 
looking at a map of where those resources are located. In fad,  
the potential for harnessing any of these resources outside of 
California and other parts of the West is limited or non-exis- 
tent. While utilities in Vermont, New York, Minnesota, and 
Colorado may be planning wind demonstration projects, the 
capacity additions that they might realize will be relatively 
insignificant and pale beside the wind farms of California 

_ -  

REGIONAL LtVELIZED COSTS, BASE CASE SCENARIO 
C I t3VF  

3.P . -- Puiverzed Situminous Cool - _ _ _  
Pulvenzed Subbituminous Coal---;~-~-.~-~ -_. . 3.8 
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4.5 
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Similarlx low levels of rainfall in the West prevent agricultual 
and lumber ir'hstries from reaching the scale of steh indus- 
tries in the Southest, Midwest, Upper Midwest, and Pacific 
Coast, and the low heat content of biomass fuelstocks generally 
prevents their economic transport beyond 50 miles. As a result, 
biomass generating technologies are limited in the West. The 

- same follows for MSW and LFG generating technologies, which 
must be located near a metropolitan area or landfill. By com- 
parison, coal is distributed to 47 of the 50 states for conversion 
into electricity. 

A more specific locational issue relating to renewable energy is 
the fact that non-waste resources (i.e., solar, wind, and geother- 
mal) tend to belocated in remote areas. This presents a 
problem in terms of access to the transmission and distriiution 
system, also called the "grid." The grid takes electricity 
generated at the plant and carries it to demand areas. Along 
the way, some electricity is lost on the lines, and these so-called 

US. NON-COMBUSTION RENEWABLE 
ENERGY RESOURCES AND COAL RESER * WINDCUSS4 * W"CLASS5 

a WIND CLASS 6+ 

e GEOTHERMAL >90'C 

e SOlAR>6kWMz e COAL BEARING REGIONS 

e SOUR 5-6 LWM' 

U WEST SOUTH CENTRAL 
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"line losses" increase with distance and the load on the grid. 
This fact, plus the considerable expense of building new trans- 

. mission lines ~ ~ 0 0 , O O O  tb $1 million per mile), severely impedes 
the construction of any power plant at a remote site unless it 
enjoys adequate economies of scale. Most renewable energy 
power plant projeq do not exhibit such economies. 

Fin&& the large areas required by some renmable technolo- 
gies also serve to further limit location. To supply just 10% of 
the nation's electricity demand with biomass generation, the 
U.S. would be required to piant more than 12% of all farmland 
with energy crops, such as hybrid poplars. For wind, one esti- 
mate calculates that 25 square miles would be required for a 50 
megawatt farm. Likewise, solar thermal projects require 
roughly onethird square mile for each megawatt of produced 
electricity Geothermal plants, however, require very little land, 
but are often located in wilderness areas. 

COMPARISON OF EMISSIONS FROM 
VINTAGE COAL & GAS TECHNOLOGIES 

LBj/MMBTU 
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EWVIRO"lEI1U IMPAm 
The Public Utility Regulatory Policy Act (PURPA) of 1978 is 
largely credited with creating the m e n t  U.S. renewable 
energy industry However, PURP-4 originally intended to 
diversify the national generation mix for reasons of energy 
security, while renewable technologies are being pursued today 
because of their perceived environmental benefits. 

EXLCUTIVI SUMMARY 14 * RESOURCE MlA I N T E R N A ~ ~  INC 

Wind, solar, and geothermal present little, if any, emissions, and 
biomass, MSW, and LFG provide an alternative to landfills and 
open air burning of waste. Nevertheless, all energy technolo- 
gies present environmental impacts. Wind, for example, 
consumes no fuel or water and gives off no emissions. However, 
it does present visual and noise pollution and kills a significant 
number of birds, particularly raptors, that fly into W i n e  
blades. Solar Pv also consumes no fuel or water, but the Pv 
manufacturing process can involve hazardous chemicals that 
must be disposed of. Likewise, geothermal bina~y system 
plants create no emissions, although flash designs release 
hydrochloric acid and potentially hazardous hydrogen sulfides. 

Combustion technologies cover a range of environmental 
impacts depending on the fuel combusted. The combustion of 
agricultural waste tends to be relatively benign, given that 
agricultural prunings and lumber residues would otherwise be 
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burned in an uncontrolled environment, and the same may be 

wise have been flared or released into the atmosphere. -, 
on the other hand, generates toxic air emissions that would 
qualify as hazardous for other combustion technologies. - 

Coal-fired power plants, which also employ combustion tech- 
nologies; comply with a myriad of environmental regulations 
covering water, land, and air use. The most conspicuous of 
these is the Clean Air Act of 1970 and its amendments in 1977 
and 1990. That legislation requires all new coal plants to 
employ smokestack technology that currently removes up to 
95% or more of all sulfur dioxide (SO21 emissions and provides 
limits on the emissions of SO2 and nitrogen oxide (NOx) from 
all existing plants. Largely as the result of these laws, SO2 
emissions in 1993 were lower than those in 1971, despite a 
doubling of coal-fired electricity generation over that period. 
When the C A M  take full effect in the year 2000, SO2 emis- 
sions will be reduced by 62% and NOx emissions by 33% from 
the levels generated by utilities in 1980. 

said I?f LFG which combusts methane gases that would other- - 

.-  . 

PUBLIC POLICY SUPPORT 
Acknowledging capabity, dispatchability, economic, and loca- 
tion limitations, state and federal legislatures and regulatory 
bodies continue to support renewable energy technologies, 
partly as a measure of prudence in developing the energy 
resources of their region, but mostly because of their environ- 
mental appeal. Proponents cite the public benefits from the 
development of wind, solar, and geothermal resources, as well 
as the controlled combustion of agricultural and lumber waste 
in place of open burn. 

However, such support comes at a cost. The California Biomass 
Energy AUiance, anticipating certain economic failure of its 
industry in an era of increasing competition, has proposed a 2 5 ~  
per month surcharge on ratepayers that the California Public 
Utiiities Commission may consider in order to subsidize bio- 
mass plants. Southern California Edison calculated a cost of 
$560 million that would result from the state's latest round of 
renewable energy mandates (which were subsequently ruled 
out by the Federal Energy Regulatory Commission). In addi- 
tion, EPAct provides a 1.5e per kilowatt tax credit to wind and 
certain biomass technologies, as well as a 10% investment 
tax credit. 
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States adopting evternaIities are also imposing a cost on the 
public by increasing the local cost of electsicity. Undw thel 
deregulation provisions of EPAct, industrial and large commer- 

f f cheaper electricity, while residential ratepayers will not- Xn 
s h o e  advocates for renewable energy technologies are increas- 

. ingly heading to public policy forums as they fail to make their 
case in the open market. 

electricity customers will be able to shop outside the state 

CONaUSION 
On the whole, renewable energy technologies have demonstrated 
a limited commercial ability to produce electricity, some with 
environmental impacts that balance positively against waste 
disposal alternatives. Certain technologies in certain situations 
can hold their own in today’s competitive marketplace. In most 
cases, however, the lower costs of traditional generating 
technologies have outpaced the gains made by renewables, 
and some sectors of the renewables industry face contraction 
rather than expansion. 

This study demonstrates the capabilities and limitations of 
renewable energy technologies and provides a measure of 
reasonable expectation for their continued application. All 
represent niche technologies that can work in specific 
situations, while none offer a means to replace traditional 
generating tec-bologies under current market conditions. 
Solar and wind do not have the capability to replace baseloac 
coal plants, and biomass does not have the capacity. Few 
renewable technologies are economically competitive. 

Meanwhile, reductions in hydroelectric capacity, due to new 
reservoir management regulations, and nuclear capacity, 
because of plant retirements, leave coal as the primary base- 
load energy resource capable of meeting the nation’s growing 
energy demand. In that regard, continued favorable economics 
and dramatically improving environmental controls promise to 
reinforce cod as the fuel of choice, especially for baseload 
generation, well into the twenty-first century. 
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STATE OF ARIZONA 
ARIZONA CORPORATION COMMISSION 

Electric Utility Restructuring 1 Docket No. U-0000-91-165 

COMMENTS OF THE CENTER FOR ENERGY AND 
ECONOMIC DEVELOPMENT ON STAFF DRAFT RULES 

The Center for Energy and Economic Development ("CEED") 

submits these comments on the draft rules proposed by Staff in 

the above-referenced docket. 

detailed comments in this docket dated June 27, 1996. 

not repeat those comments here, although those comments provide 

relevant input with respect to Staff's draft rules and CEED 

commends those comments again to Staff. CEED's comments below 

will focus on the specific draft rules. 

CEED opposes R14-2-xxx9 regarding a solar portfolio standard 

In 

CEED previously submitted more 

CEED will 

and believes it should be deleted from the draft regulations. 

addition, CEED opposes and recommends deletion of R14-2-xxx8 

regarding System Benefits Charges insofar as such charges relate 

to renewable resources, DSM and environmental programs. 

Otherwise, CEED takes no position on the draft regulations or on 

industry restructuring in general. 

CEED's opposition to the draft regulations indicated above 

is based on three factors. First, to CEED's knowledge the 

Arizona Corporation Commission has not heretofore required 

utilities to purchase specified amounts of renewable resources. 

Renewable resources, therefore, cannot be said t o  be a "system 

benefit" provided by the current regulatory system that will be 
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"stranded" if the Commission moves to restructure the industry. 

There is no justification for imposing a "system benefits charge" 

or a solar portfolio standard to continue a "system benefit" that 

is not currently being provided. 

Second, to CEEDIs knowledge, there has been no work done to 

determine the cost to ratepayers of imposing a System Benefits 

Charge in favor of renewables, DSM and environmental programs and 

of adopting a solar portfolio standard. 

therefore, of determining the cost-effectiveness of Staff's 

proposals. As noted, Staff's proposals would create subsidies 

for renewables that heretofore have not existed. It makes little 

sense to adopt new regulatory requirements imposing new burdens 

on ratepayers without knowing whether the supposed benefit is 

worth the cost. 

There is no way, 

Moreover, the draft rules do not define the llenvironmentalvl 

programs that would be subsidized by the System Benefits Charge. 

Again, if the public is going to be asked to provide a subsidy 

for new programs, there should be some definition of what those 

programs will be and how much they will cost. 

Third, imposing new pro-renewable regulatory requirements on 

the electric market cannot be squared with the deregulatory 

purpose of electric restructuring. The purpose of restructuring 

is to lower electric rates by promoting competition. Protecting 

a segment of the electric market through subsidies and guaranteed 

markets runs counter to this goal. 

2 
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In this regard, CEED would note that the electric 

deregulation legislation recently passed by the California 

legislature provides for renewable subsidies for a four year 

transition period only. In the past, the California legislature 

has required that the California Public Utilities Commission 

mandate a certain amount of renewables. 

it was decided in the new legislation that publically provided 

support for renewables ought not to be abandoned immediately. 

However, after the four-year transition period, the use of access 

charges to fund renewables will cease. 

Given this past mandate, 

In Arizona, which has not had renewable mandates in the 

past, there is no need to have such a transitional period. 

there is certainly no justification to adopt the requirements 

proposed by Staff that would continue for an unlimited period of 

time in the future. 

And 

In closing, CEED would note that it does not oppose so- 

called "green pricingt1 iniiiatives with respect to renewables. 

Indeed, restructuring, by allowing customer choice, is a perfect 

vehicle in which customers can opt to select and pay for energy 

provided from renewable resources. 

state such as Arizona there will be a demand for a variety of 

distributed solar applications. CEED does not believe, however, 

that ratepayers should be made to subsidize renewables. 

CEED suspects that in a rural 

CEED appreciates the opportunity to submit these remarks. 

Dated: September 11, 1996. 
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Commissioner 

IN THE MATTER OF COMPETITION IN ) DOCKET NO. U-0000-94- 165 
THE PROVISION OF ELECTRIC SERVICES 
THROUGHOUT THE STATE OF ARIZONA. 

) 
) 
) 

COMMENTS OF THE ENVIRONMENTAL GROUP 
ON THE COMMISSION’S PROPOSED RULES REGARDING 

THE INTRODUCTION OF RETAIL ELECTRIC COMPETITION 

November 8, 1996 

The Environmental Group, comprised of the Land and Water Fund of the Rockies (LAW 

Fund), the Grand Canyon Chapter of the Sierra Club, and the Grand Canyon Trust, broadly supports 

the movement of the Commission towards increased competition in the electric utility industry in 

Arizona. Retail electricity competition has the potential to lower the costs of energy and provide 

other benefits; however, depending on how it is implemented, competition could also worsen the 

industry’s impact on the environment and make many electricity customers worse off. In the 

Environmental Group’s view, retail competition should be introduced only under terms and 

conditions that will enhance the environment as well as the interests of all consumers. 

In the near term, competitive electricity markets are likely to be driven by short-run price 

considerations as energy suppliers attempt to maintain or increase their market share. This short- 

term focus threatens the state’s environment in at least two ways. First, it threatens investments in 

renewable energy and energy efficiency. Although the state’s abundant solar energy resources hold 



great long-term promise, photo-voltaic and solar thermal technologies are capital-intensive, requiring 

near-term expenditures to realize long-term environmental and risk-diversification benefits. 

Moreover, even on a life-cycle basis, some renewable technologies with great long-term potential 

are currently more costly than fossil fuel alternatives. Consequently, utilities facing competition are 

reluctant to invest in these resources. Utility-funded energy efficiency programs are at risk because, 

although they are less expensive than alternative supply-side resources, they can raise electricity 

prices in the short-run as fixed costs are spread over a reduced sales base. 

Second, short-run price driven electricity markets are likely to result in increased and 

extended use of the state’s and region’s older, dirtier power plants because these plants are often 

cheaper to operate than newer clean plants and can be life-extended relatively inexpensively. 

These threats are particularly serious, because they come at a time when Arizona needs to 

increase investments in renewable resources and energy efficiency and reduce pollution from existing 

plants if it is to meet growing electricity demands caused by rapid population and economic growth 

in an environmentally responsible way. However, these impacts are not inevitable. Indeed, with 

adequate safeguards competition can improve the environment. We suggest a number of 

modifications to the proposed rule to ensure that competition will enhance the environment. 

THE PROPOSED RULE HAS THE POTENTIAL TO ENJUNCE THE ENVIRONMENT 

In theory, retail competition will provide consumers with the option of purchasing energy 

directly from renewable energy suppliers. Similarly, there is already a developing private energy- 

service sector in which consumers can contract directly with non-utility and utility-affiliated energy 

efficiency companies. We support renewable energy “green marketing” approaches and customer- 

driven approaches to energy efficiency as important vehicles for increasing investments in these 

2 



resources. 

However, by themselves, these customer-driven approaches are insufficient to guarantee the 

investment levels necessary for renewables and energy efficiency to meet a significant portion of the 

state’s growing demand for electric energy services. Traditional market barriers, such as lack of 

information, free-rider problems, and the fact that the full environmental and other benefits of 

renewables and energy efficiency are not directly incorporated into electricity consumption decisions, 

will limit investments in these resources. 

To overcome these barriers and give renewables a fair chance to compete in electricity 

markets we support the concepts of a non-bvpassable System Benefits Charge (SbC) to fund 

investments in energy efficiency, renewable resources and low income energy assistance, and a 

Renewables Portfolio Standard to encourage renewable resources while leveling the playing field 

among energy suppliers. 

It should also be the policy of the state to ensure that competition does not increase pollution 

from power plants located in Arizona. Vigorous promotion of clean power technologies, such as 

energy efficiency and renewable resources will help attain this goal, but will not likely be sufficient, 

especially in the short-run. Measures such as emission caps with tradable emission permits and fuel- 

switching usually require capital investment that utilities may be reluctant to make in a competitive 

environment. 

mechanism such as the SBC. 

This competitive disincentive should be ameliorated through a cost recovery 

In a survey performed in early 1995 for the LAW Fund by Cambridge ReportdResearch 

International, air pollution was identified most often as the single most important environmental 

problem facing Arizona. Moreover, many more Arizonans viewed the impact on the environment 

as more important than either cost or dependability in evaluating options for meeting the state’s 



electricity needs. 

SOLAR THERMAL AND PHOTOVOLTAIC RENEWABLE RESOURCES 

Arizona has the best solar resource in the nation.* Indeed, just 1% of the land area of 

Arizona could supply over 17 times the state’s 1991 electricity consumption at a 10% conversion 

efficiency. (Id. at page 3). These figures are meant to be illustrative of the large solar potential of 

the state. There are a variety of ways of capturing this resource. 

Solar thermal systems collect the thermal energy in solar radiation for direct use in low-to 

high-temperature thermal applications. High-temperature applications include the generation of 

electricity using conventional steam cycle technology. For electricity generation, several types of 

collection systems (parabolic trough, central receiver, and parabolic dish) may be used to concentrate 

and convert the solar resource. Higher temperatures result in greater thermodynamic energy 

conversion efficiencies. Solar thermal technology offers significant potential for meeting utility 

peaking or intermediate electric power generation needs in sunny climates. 

The leading solar thermal electric technology is the parabolic trough, which focuses the 

sunlight on a tube that carries a heat-absorbing fluid, usually oil. The fluid is circulated through a 

boiler, where its heat is used to boil water to steam, and the steam is routed to a turbine to generate 

electricity. More than 350 M W  of parabolic-trough electric generating capacity is operating in 

California’s Mojave Desert, connected to the Southern California Edison Company (SCE) utility 

See Attachment 1: SURVEY RESULTS AND DEMOGRAPHIC TABLES: PREPARED FOR 
THE LAND AND WATER FUND OF THE ROCKIES, Cambridge Reportshesearch International, 
Cambridge, MA, 1995, questions 2, 17, and 18. 

National Climatic Data Center (1992). User’s Manual -- National Solar Radiation Data Base 
(1961-1990). Cited in Testimony of John Thornton, Principal Engineer, National Renewable energy 
Laboratory, Docket No. U-0000-93-052, before the ACC, at page 2. 
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grid. Successive iterations on the technology reduced power costs to 8-10 cents/kWh. Central- 

receiver plants use a field of mirrors to focus the sun’s energy on a central receiver, which is 

mounted on a tower. An experimental 10 MW central receiver power plant, Solar One, was built 

and operated in Barstow, California, during the 1980’s by a governmenthdustry team. This plant 

utilized conventional water to steam generation technology. The plant has recently been upgraded 

and refurbished to use a molten-salt mixture that can be superheated and stored so that the plant can 

continue to generate power after the sun sets. The refurbishment and operation of the plant--dubbed 

Solar Two--is being conducted by a collaboration of seven utilities, including Arizona Public Service, 

and three other organizations. 

Parabolic dishes are relatively small-scale applications of solar thermal electrid technology. 

A parabolic dish tracks the sun and focuses its heat on a Stirling engine, which converts the heat 

energy to mechanical energy. The mechanical energy drives a turbine to generate power. Parabolic 

dish systems can generate 5-25 kW of power and are currently being tested in several Southwest 

locations. The latest estimates are that mature dish systems will generate power at around 7-8 

cents/kWh in hybrid applications. 

Photovoltaics (PV) represent possibly the most modular and flexible renewable energy 

technology. PV systems employ a solid-state device, or solar cell, to convert sunlight directly into 

electricity. PV cells are combined into large panels, or modules, which are used commercially in 

a number of remote and stand-alone applications. PV systems operate unattended, with no fuel or 

cooling requirements, and no operating emissions or noise. However, because much of the current 

PV cell technology uses crystalline semiconductor materials (similar to integrated circuit chips), 

production costs have been high compared to those of conventional generation sources. 

Even with higher costs, however, PV systems can offer unique advantages because they can 
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be strategically located to maximize savings to the utility system. For example, several utilities have 

been investigating the distributed use of PV to relieve system stresses in heavily loaded distribution 

areas. Also, utilities are using PV to serve remote loads and displace costly dedicated distribution 

lines. Perhaps the ultimate distributed PV application is in rooftop systems, which locates generation 

with loads without environmental impacts such as fuel combustion emissions. Some utilities are 

currently investigating rooftop systems, and several states have adopted net energy metering policies 

that encourage homeowner investment in these systems. 

The near-term market opportunity for photovoltaics is in distributed applications. A growing 

body of research is being conducted on the application and valuation of distributed generation and 

storage technologies to the utility power system. This is often referred to as the distributed utility 

(DU) concept. "Distributed values" refer to local area (distribution) and regional (transmission) 

benefits that are separate from traditional utility system (generation) cost determinations. Research 

is showing that at carefully selected sites, the total value of DU technologies, such as photovoltaics, 

can be two to three times that of traditional avoided central station capacity and displaced system 

energy values. 

In addition, the siting of new electric power facilities, both generation and transmission, is 

becoming increasingly difficult. There is considerable public sentiment that opposes the location of 

large energy facilities at virtually any site. It may prove easier to site several small modular 

generation facilities in a distributed manner than a single large conventional facility. 

PV has additional advantages. While the economies of scale of building larger generating 

units have been exhausted, the economies of mass production of modular technologies remains to be 

tapped. These technologies are amenable to cost reductions based on producing millions of units, 

rather than individually engineering and assembling each unit. There is also a synergistic market 
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effect in that market growth supports more productive manufacturing facilities, leading to reductions 

in production costs and market prices. 

All told, these solar technologies can produce significant benefits. Among the major benefits 

are reductions in air pollution emissions associated with the generation of electricity, reduced fuel 

price and environmental regulatory risk, and opportunities to reduce transmission and distribution 

system costs by distributing small renewable resource based generators near local loads. These 

benefits have been addressed at length by Arizona utilities in their Integrated Resource Plans, by 

Commission Staff in the June 1996 Draft StaffReport on Resource Planning, and by the LAW Fund 

witnesses in the last Integrated Resource Plan proceeding and subsequent rate proceedings before this 

Commission. 

Moreover, commercial development of the various technologies used to capture solar energy 

can provide large economic development benefits to the state. Arizona has the potential to become 

a national and international solar industry leader simply by promoting its products and resources. 

It makes economic sense to also promote utilization of these products and resources within its own 

borders. It is a normal business decision to utilize one’s own products and keep the economic 

benefits at home. To put it more bluntly, if you own a Ford dealership, you don’t drive a Chevy. 

In addition, numerous national and regional surveys have indicated that many energy 

consumers want the option of purchasing all or a portion of their needs from clean energy resources. 

Arizona Public Service Company’s own market research found, in a study entitled the PV Friendly 

Pricing Report, that 87% of respondents indicated that continued development of renewables was 

important. In the 1995 Cambridge survey, nearly two-thirds of Arizona respondents indicated a 

willingness to pay at least three dollars per month more for electricity coming from sources less 
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harmful to the en~ironment.~ Indeed, about one-third indicated a willingness to pay over $10 per 

month. 

Although restructuring can enhance environmental quality and renewable resources can 

produce real benefits for Arizona, the rule as currently structured will not fully realize these gains. 

COMMENTS ON SPECIFIC SECTIONS OF THE PROPOSED RULE 

More specifically, in its present form the proposed rule does not adequately address important 

public interest issues related to Buy-throughs of renewable resources, System Benefits Charge (SBC) 

definition and implementation, the Solar Portfolio Standard (SPS), and disclosure requirements for 

energy suppliers. These items are addressed below in the order that they appear in the proposed 

rule. We propose an integrated set of relatively minor changes which, in essence, clarifies system 

benefits, establishes a floor for both the SBC and SPS, and begins to address certain market barrier 

issues for renewables. 

R14-2-1601. Definitions 

The proposed rule defines "System Benefits" as "Commission-approved low income, demand 

side management, environmental, renewables, and nuclear power plant decommissioning programs. 'I 

We believe this definition requires several clarifications. First, the disincentive for utilities to invest 

in technologies or other strategies for reduction of power plant emissions can be mitigated by 

clarifying that these constitute environmental programs. 

In addition, while the Environmental Group is not opposed to recovery of nuclear 

decommissioning costs, inclusion of decommissioning costs as a system benefit is inconsistent with 

the other system benefits identified. Moreover, as a regulatory asset, it is far more compatible with 

Id. question 56. 
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stranded costs. Thus, nuclear decommissioning costs should be recovered as a stranded cost with 

the remainder of the regulatory assets. 

R14-2-1604. ComDetitive Phases 

The Environmental Group strongly supports subsection E.3. regarding participation in the 

competitive market of customers producing or purchasing at least 10% of their annual consumption 

from solar resources installed in Arizona. This provision appears to be more of a market-based and 

relatively painless way of encouraging utilization of the solar resource within the state. Thus, the 

developing solar industry will have a marketing tool to use to approach potential customers. To the 

extent that energy consumers take advantage of this provision, the costs of solar technologies will 

be offset for these early entrants by an ability to buy lower cost energy in the competitive market. 

This occurs without placing a burden on other energy consumers. At the same time, this "kick-start" 

will help the industry to drive down the technology costs. 

The Environmental Group also supports in general the "buy-through" concept identified in 

subsection G .  Earlier versions of the buy-through provision required Affected Utilities to permit 

customers to identify electricity sources which it would obtain on behalf of the customer, and 

encouraged acquisition of renewable resources. However, as presently constructed, the Affected 

Utility appears to have complete discretion as to whether it will allow such transactions on its system. 

This language leaves the door open for a utility to unjustly discriminate among customer classes. 

This raises the possibility of inequitable cost-shifting among customer groups. Thus, the current 

language enhances vertical market power for the Affected Utilities. 

Nevertheless, we believe that buy-throughs have the potential to provide a cost-effective 

method for the promotion of renewable resources. Individual or aggregated customers who desire 
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to utilize clean energy resources, specifically renewables such as solar, wind, or geothermal 

resources, should have that opportunity. Such buy-throughs would reduce the environmental impact 

of traditional electric generating resources and encourage the development of renewables, while not 

burdening other consumers or suppliers. Utility lost revenue concerns may be addressed by capping 

the capacity or energy available to be "bought through. 'I We believe that the buy-through mechanism 

is consistent with industry-wide movements underway in response to restructuring to develop 

customer driven approaches for providing renewable energy 

Therefore, we suggest the following language changes: 

G. An Affected Utility may engage in Buy-throughs with individual or 
aggregated consumers. 

contract for a Buy-through effective prior to the date indicated in R14-2- 

R14-2-1608. System Benefits Charges 

The System Benefits Charge (SBC) is included as an element of restructuring policies and 

principles to ensure that important public interests, developed and implemented ~ a regulated 

environment, are recovered from all customers and not lost in the transition to competition. 

The SBC as presently proposed appears to leave most of the details for its support and 

determination to future processes. In general, the Environmental Group does not disagree with this 

approach provided the SBC is adequate to fund present commitments to low income, demand side 

management, environmental, and renewables. Our analysis suggests that several utilities are not 

presently spending sufficient monies to achieve their Commission-approved renewables commitments. 

For example, Tucson Electric Power is spending about $200,000 per year on renewables - far short 
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of the amount required to achieve its 5 MW commitment. In addition, Arizona Public Service 

Company’s present funding levels also appear inadequate to achieve its renewables cokmitment of 

12 Mw. 

There should be no ambiguity on this issue. As present funding levels appear insufficient 

to achieve the MW goals of present Commission-approved renewables programs, it should be clear 

that the SBC is likely to collect more monies than are presently being collected. This shortfall may 

also affect the “standard offer rates” during the transition. Thus, in our view, paragraph R14-2- 

1608.A. means that for renewable resources, funding must be sufficient to achieve the megawatt 

goals for the year 2000 established in Decision No. 58643. The Commission should clarify this 

point in its final order regarding this rule. 

R14-2-1609. Solar Portfolio Standard 

The Environmental Group believes the Solar Portfolio Standard is an appropriate mechanism 

for ensuring that Arizona’s enormous solar energy resource begins to provide a modest amount of 

the state’s energy needs and that electricity consumers in the state realize the benefits that solar 

energy can provide. 

We note, however, that the one-half percent solar energy floor effective January 1,  1999, and 

the one percent floor effective January 1,  2002, while important steps in the right direction, are 

modest compared to what will ultimately be needed for Arizona (and more generally the Rocky 

Mountain and Desert Southwest region as a whole), to avoid serious future environmental and risk 

diversification problems that will result if the region continues to rely ‘primarily on fossil fuel-fired 

resources. Indeed, to protect the region’s environment and guard against fuel and environmental 

regulatory risk, the LAW Fund’s recent report, “How the West Can Win,” recommends that 5,000 
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megawatts of new solar capacity be added to the regional resource base to meet growing electricity 

needs by 2015. This report has been included as Attachment 2. Given that Arizona has the best 

solar resource in the region, we believe that a significant amount of this solar capacity should be 

sited in Arizona. 

The SPS has been substantially weakened from previous draft proposals in two ways. Not 

only was the standard cut in half from previous proposals, it's very existence appears questionable 

beginning in 2002. The present proposed SPS is quite modest, even based upon the current cost of 

solar thermal and PV technologies. As such, it should be understood that this compromise is 

predicated upon the standard serving as a minimum requirement and is in addition to existing 

resource planning commitments to renewables. The Staff of the Commission found that the 1 % SPS 

could result in an increase of 4.5% on generation When the costs of transmission and 

distribution are included, the impact is well below 3%.5 The Staff's calculations were based upon 

solar power costs of 30C per kwh. An October 1995 National Renewable Energy Laboratory 

(NREL) report found the cost of solar thermal technologies to be about 10.5C per kwh presently, 

and projected to decline to 8.1C by 2005.6 Moreover, technology and manufacturing improvements 

have reduced PV generation costs from $1.5O/kWh in 1980 to a range of about 20-30 cents/kWh 

Staff Discussion of the Proposed Rule on Electric Industrv Restructuring, Docket No. U-OOOO- 
94-165, October 4, 1996, pages 17-26. 

Based upon estimated transmission and distribution costs of 2C per kWh. The same calculation, 
still using the Staff's cost estimates for solar energy, applied to total costs (including costs likely to 
be considered as stranded) result in a rate impact of less that 1.7 % . 

See Attachment 3, The True Cost of Renewables: An Analvtical Response to the Coal 
Industrv's Attack on Renewable Enerav, National Renewable Energy Laboratory, Golden, CO, 1995. 
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today.7 The NREL report found the current cost of PV technologies to be 21.8C per kWh, 

decreasing to 13.1C by 2005. These current and projected cost reductions will significantly diminish 

any undue rate impact on Arizona ratepayers. 

At these prices, PV is beginning to look attractive to utilities. In fact, a consortium of 

electric utilities, known as the Utility PhotoVoltaic Group (UPVG), has formed to undertake a 

"market aggregation" activity for photovoltaics. By aggregating utility PV purchases, UPVG aims 

to build a more sustainable market and to develop an industry infrastructure for further technology 

and cost improvements. The PV activities of the Sacramento Municipal Utility District (SMUD) 

provides a prime example of this utility effort bearing fruit. Over the last several years, SMUD has 

built up the most extensive utility PV distributed power system in the world, with over 445 

installations (representing nearly 5.7 MW) ranging from small residential rooftop systems to large 

megawatt-scale central stations. Another 800 kW of PV systems will be added in 1997., SMUD also 

plans to add another 10 MW of PV systems for 1998 through 2002 through a competitive Request 

for Proposals. 

By spreading their system purchases over several years, SMUD has created a sustainable and 

orderly market for PV systems in their service territory. As a result, the turn-key system costs for 

residential rooftop PV systems have steadily declined from $7.70/watt in 1993 to $6.23/watt in 1994, 

$5.98/watt in 1995, and $5.36/watt in 1996. Analyses show that a national program to promote the 

"sustained, orderly development" of PV in the electric power industry could significantly accelerate 

the cost-effectiveness time line for PV systems for distributed utility applications. 

There is clear public support for solar renewable energy, at the very time costs appear to be 

See Attachment 4, Profiles in Renewable Enerm: Case Studies of Successful Utility-Sector 
Projects, National Renewable Energy Laboratory, Golden, Colorado, 1994. 
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decreasing at a substantial rate. Any premium for such clean energy resources is offset by the air 

quality and economic development benefits. We therefore urge the Commission to modify subsection 

R14-2-1609.B.2. so that the 1 % solar portfolio standard specified in the rule starting on January 1, 

2002 is firmly established as a floor. The following language is suggested: 

B.2. The Commission may elxmge h#@& .................... the solar portfolio percentage 
applicable after December 31, 2001, taking into account, among other 
factors, the costs of producing solar electricity and the costs of fossil fuel for 
conventional power plants. 

................... 

R14-2-1613. Service Quality. Consumer Protection, Safety. and Billinp Requirements 

Energy consumers must have adequate information in order to properly choose among energy 

suppliers. Thus, the proposed rule should include environmental disclosure requirements in the 

billing subsection. As the industry moves toward a more competitive market structure, resource 

decisions will shift away from regulators and utilities and be based increasingly on consumer 

preferences revealed in the market. Survey data suggest that a significant number of electricity 

consumers are concerned about the environmental impacts of electricity production and would prefer 

that their electricity was generated using cleaner energy sources. Indeed, the 1995 Cambridge study 

found that 79% of Arizona respondents believed it to be important that .restrictions be placed on 

purchasing electricity from sources that are more harmful to the environment, even if such power 

is less expensive.8 To act on these preferences and make informed consumption decisions, 

electricity consumers desiring cleaner energy will need reliable information on how their electricity 

is generated. 

Moreover, the Environmental Group has concerns about the impact of cost incentives in an 

See supra footnote 1, question 8 1. 
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open, competitive energy supply market. One would expect energy suppliers competing in the 

marketplace to strive to minimize costs. Those suppliers utilizing fossil-fuel, particularly coal, 

resources will have strong incentives to not only minimize emission control costs; but also to 

vigorously oppose stricter standards and any voluntary actions which may otherwise be desirable for 

Arizona and regional populations. We believe that this incentive is ameliorated through the Stranded 

Cost and System Benefits aspects of the proposed rule for existing; environmental costs, however the 

costs of any future emission controls not presently contemplated, even if in the public interest, could 

pose a threat to the competitiveness of certain power plants. In theory, the competitive market can 

determine the appropriate emission control strategy, however unless emission levels of energy 

suppliers are revealed to consumers, the market will not have sufficient information to make proper 

choices. 

To make this information available and to ensure that the electricity purchased is in fact 

generated by the clean energy technologies these consumers prefer, we urge the Commission to 

include in subsection R14-2-1613.H. a set of disclosure rules. These rules would require that all 

electricity suppliers provide on customer bills the following information: (1) the suppliers portfolio 

generation mix by fuel source; (2) supplier portfolio emission rate information (pounds of air 

pollutant emissions per kwh generated) for criteria pollutants and carbon dioxide and (3) to the 

extent that customers have contracted for a specific resource type such as a renewable resource, 

verification that their electricity is in fact being generated by that type of resource. We suggest that 

Commission require electricity suppliers to include their portfolio resource mix and their average 

portfolio emission rates in any marketing materials they use as well. Work underway in California 

and elsewhere will likely help clarify the best approaches for ensuring fair and full disclosure, and 
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for certifying clean energy technol~gies.~ 

These disclosure provisions will remove information barriers and help ensure that the market 

works efficiently to deliver the electricity products that environmentally concerned consumers desire. 

CONCLUSION AND RECOMMENDATION 

The Environmental Group believes that the proposed rule provides a strong framework to 

implement retail competition in Arizona. We recommend that the relatively few modifications and 

clarifications proposed above be adopted for the reasons described. With these changes, the 

proposed competitive structure will not harm and may provide opportunities to enhance air quality 

and the environment in Arizona and throughout the Western United States. We thank the 

Commission for the opportunity to present these comments. Dated this 7th day of November, 1996: 

Respectfully submitted, 

RICK GILLIAM, Senior Technical Advisor 
Energy Project 
Land and Water Fund of the Rockies 
2260 Baseline Road, Suite 200 
Boulder, CO 80302 
Tel. 303.444.1188~218 
Fax. 303.786.8054 

The California legislature has requested information on disclosure and certification by March 
of 1997. 

16 



CERTIFICATE OF MAILING 

I hereby cer@ that on this 8th day of November 1996 the orignal and 10 copies of the COMMENTS OF THE 
ENVIRONMENTAL GROUP ON THE COMMISSIONS PROPOSED RULES REGARDING THE INTRODUCTION 
OF =TAIL ELECTRIC COMPETITION was sent to the Docket Control Division, Arizona Corporation Commission, 
1200 West Washington Street, Phoenix, Arizona 85007, via Federal Express, and a true and correct copy of the above was 
placed in the United States mail and properly addressed to the following: 

Steven M. Wheeler 
Thomas L. Mumaw 
Snell & Wilmer 
One Arizona Center 
400EastVanBuren 
Phoenix, AZ 85004-0001 

Steven Glaser 
David Lamoreaux 
Tucson Electric Power Company 
220 West Sixth Street 
Tucson, AZ 85701 

Craig A. Marks 
Citizens Utilities Company 
3 High Ridge Park 
StanfordCT 06905 

Greg Patterson, Director 
Residential Utility Consumer Office 
2828 N. Central Ave., Suite 1200 
Phoenix, AZ 85004 

ThomasR Sheets 
Andrew W. Betty 
office of Regulatory Affairs 
Southwest Gas Corporation 
524 1 West Spring Mountah Road 
EasVegas,NV 89102 

Michael M. Grant 
Johnston, Maynard, Grant & Parker 
3200 N Central Avenue Ste 2300 
Phmnix,AZ 85012 

Bruce E. Meyerson 
Meyer, Hendricks, et al. 
2929 North Central Avenue 
Phoenix,AZ 85012 

Arizona Electric Power Cooperative, hc. 
P.O. Box 670 
Benson,AZ 85602 

Paul A. Bullis 
Janice M. Alward 
Bradford A. Bonnan 
Legal Division 
Arizona Corporation Commission 
1200 West Washington Street 
Phoenix,AZ 85007 

GaryYaquinto 
Utilities Division 
Arizona Corporation Commission 
1200 West Washington Street 
Phoenix,AZ 85007 

Charles R Huggins 
Arizona State AFL-CIO 
110 North 5th Avenue 
P.O. Box 13488 
Phoenix,AZ 85002 

Michael A. Curtis 
Martinez & Curtis, P.C. 
2712 N. Seventh Street 
Phoenix, AZ 85006 

Sam DeFrawi (Code OORl) 
Building 212,4th Floor 
901 M S t r e  SE 
Washington, DC 20374-5018 

Jerry Rudibaugh, Chief Hearing Officer 
Hearing Division 
Arizona Corporation Commission 
1200 W. Washington 
Phoenix,AZ 85007 

BarbaraKlemstine 
Ari~ona Public Service Co. 
Law Department, Station 9909 
Bo Box 53999 
Phoenix, AZ 85072-3999 

C. Webb Crockett, Esq. 
Fennemore Craig 
Two North Central Ave., Suite 2200 
Phoenix, AZ 85004-2390 



r 

Walter W. Meek, President 
Arizona Utility Investors Assoc. 
3030 North Central Ave Suite 506 
Ph&AZ 85012 

David C. Kennedy 
Law Oflices of David C. Kennedy 
100 W. Clarendon Ave, Ste. 200 
Phoenix, AZ 85012-3525 

Norman J. Furuta 
Department of the Navy 
900 Commodore Dr., Bldg. 107 
PO Box 272 (Attn: Code 90C) 
San Bruno, CA 94066-0720 

Thomas C. Home 
Michael S .  Dulberg 
Home, Kaplan & Bistrow, P.C. 
20 N. Central Ave., Ste 2800 
Phoenix,AZ 85252 

Barbara S .  Bush 
Coalition for Responsible Energy Education 
315 W. RivieraDrive 
Tempe,AZ 85252 

Sam Defi-aw (Am: Code 16R) 
Rate Intervention Division 
Naval Facilities Engineering Command 
200 Stovall St, Room 10S12 
Alexandria, VA 22332-2300 

Rick M s  
Arizona Cotton Growers Assoc. 
4139 E. Broadway Rd. 
Phoenix,= 85040 

Steve Brittle 
Don't Waste Arizona, Inc. 
6205 S .  12th Street 
Phoenix,AZ 85040 

Ms. Karen Glennon 
19037 North 44th Ave. 
Glendale, AZ 85308 

Ajo Improvement Company 
PO Drawer 9 
Ajo,AZ 85321 

Columbus Electric Cooperative 
PO Box 63 1 
Deming, NM 8803 1 

Continental Divide Electric Cooperative 
PO Box 1087 
Grants,NM 87020 

Dixie Escalante Rural Electric Association 
CR Box 95 
Beryl, UT 84714 

Garkane Power Association, Inc. 
PO Box 790 
Richfield, UT 84701 

Mohave Electric Cooperative 
PO Box 1045 
Bullhead City, AZ 86430 

Morenci Water and Electric Co. 
PO Box 68 
Morenci, AZ 85540 

Louis A. Stahl, Esq. 
Lisa D. Duran, Esq. 
Streich Lang 
Renaissance One 
Two North Central Ave. 
Phoenix, AZ 85004-2391 

Betty K. Pruitt 
Arizona Community Action Association 
67 E. Weldon, Suite 3 10 
Phoenix,AZ 85012 



Survey Results and Demographic Tables. 
Prepared for the Land and Water Fund of the 
Rockies 

Interviewing dates: January 20-February 2,1995 
Sample sue: 400 Overall' 

124 Arizona+ 
1 12 Colorado++ 

Margin of error: Overall &4:9 percentage points at midpoint of 95% confidence level 
Arizona k8.8 percentage points 
Colorado B . 8  percentage points 

t Overall results are based on a probability sample of 400 
interviews with an adult head of household. Results are 
weighted to proportionately reflect the populations of 
Arizona, Colorado, Idaho, New Mexico, Utah, and Wyoming. 
An equal number of men and women are included in the 
sample. 

+ Arizona results are based on a probability sample of 124 
adult heads of household. 

++ Colorado results are based on a probability sample of 112 
adult heads of household. 

Demographic tables for individual states may contain very small 
numbers of respondents and caution should be used in drawing 
conclusions based on these data. 
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Crime ' 
Environment 
Schooldeducation 
Moral decay 
Taxes 
Unemployment 
Illegal immigrants 
Government and politics 
Low wagedsalaries 
High cost of health 
Drugs 
Government spending 
Poverty/starvation 
Welfare 
Lack of confidence/trust in government 
Government corruption 
Inflation 
Economy 
Social security problems 
Housing costdshodages 
Foreign trade 
Other 
Don't know 

Cambridge ReportdResearch International 

1. 2. 3. 

Pew/Ogilvy Rocky Mountains -1 - 

1. First of all, what do you think is the single most important problem facing 
this state today? 

1. Overall 
2. Arizona 
3. Colorado 

27% 34% 20% 
18 9 28 
7 9 5  
4 2 6  
3 6 0  
3 5 1  
3 5 0  
3 3 3  
3 2 4  
2 3 1  
2 2 2  
2 2 2  
2 2 2  
1 2 1  
1 2 0  
1 1 1  
1 0 3  
1 0 2  
1 0 2  
0 0 1  
0 0 1  
6 5 8  
7 6 9  



Pew/Ogihy Rocky Mountains -2- 

2. Next, what is the single most important environments problem facing this 
state today? 

1. Overall 
2. Arizona 
3. Colorado 

Air pollution 
Car pollution 
Water su pp I y 
Water pollution 
Overpopulation 
Recycling problems - 
Pollution 
Natural resource use . 
Global warming 
Overregulation 
Waste disposal 
Lack of awareness 
Illegal dumping 
Nuclear waste disposal 
Development 
Nonenvironmental issues 
Industrial pollution 
Full landfills 
Antienvironmentalists 
Water and air pollution 
Hazardous waste 
Lack of government intervention 
Litter 
Other 
No problems 
Don't know 

le ReportslResearch International 

1. 2. 3. 

28% 30% 26Y0 
12 14 11 
12 9 15 
5 5 4  
4 6 3  
4 5 3  
3 3 4  
3 1 6  
2 3 0  
2 3 0  
2 1 2  
1 2 1  
1 2 0  
1 1 2  
1 1 2  
1 1 2  
1 1 1  
1 1 1  
1 1 1  
0 1 0  
0 1 0  
0 1 0  
0 0 1  
2 1 4  
0 0 1  

11 9 14 



Pew/Ogilvy Rocky Mountains -3- 

3. Now, what is the single most important eneray problem facing this state 
today? 

1. Overall 
2. Arizona 
3. Colorado 

1. 2. 3. 

Nuclear power issues 
Anitnuclear 
Pronuclear 

Other eneav issues 
Prices are too high 
Conserving water/water shortage 
Need alternative to current fuels 
Energy conservatibn 
Pollution 
Energy costs 
Rising prices 
Adequate energy supply 
Water pollution 
Develop solar power 
Mass transit 
Dependence on oil 
Power shortages 
Wood 
High oiVgas prices 
Lack of oil resources 
Recycling 
Energy misuse 
Finding good future energy source 
Waste management 
Lack of energy policy 
Other 
No problems 
Don't know 

0% 1% 0% 
0 0 1  

8% 
6 
5 
5 
4 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
3 
5 

45 

1 2% 
8 
3 
2 
3 
4 
1 
1 
2 
2 
1 
1 
1 
0 
0 
0 
1 
1 
0 
0 
0 
1 
4 
48 

3% 
3 
7 
9 
6 
0 
3 
2 
0 
0 
2 
2 
0 
2 
2 
1 
0 
0 
1 
1 
1 
5 
6 
43 
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Pew/Ogilvy Rocky Mountains -4- 

4. 

5. 

6. 

7. 

8. 

Throughout this interview, I will ask you to respond to many of my 
questions by using scales from "1" to "7," where "1" will be the lowest 
possible rating and "7" will be the highest possible rating. First, I am 
going to read you a list of potential threats to the overall quality of the 
environment. Using any number from "1" to "7," where "l" means "no 
threat at all" and '7" means "an extremely serious threat," please tell me 
how serious you think each problem is. 

Air pollution which 
produces smog and 
unhealthy air in our 
cities 

Overall 
Arizona 
Colorado 

The pollution of our 
rivers, lakes, and 
oceans 

Overall 
Arizona 
Colorado 

Acid rain 
Overall 

Arizona 
Colorado 

Mean 

6.0 
6.0 
6.0 

5.6. 
5.7 
5.6 

4.3 
4.4 
4.1 

Global warming from the 
greenhouse effect 

Overall 4.0 
Arizona 4.0 
Colorado 3.9 

The disposal of solid 
waste in a landfill 

Overall 5.2 
Arizona 5.5 
Colorado 5.0 

No threat 
at all 
1 2  

2%0 2 
2%0 2 
2% 1 

0% 4 
1% 4 
0% 3 

8O/o 7 
10% 4 

6Yo 11 

16% 9 
20% 4 
11% 15 

2% 3 
1% 3 
4% 4 

An extremely (Don't 
serious threat know) 

3 4 5 6 7  

3 7 13 22 50 
3 8 10 23 51 
3 6 17 21 50 

6 12 19 19 40 
8 8 18 15 46 
3 16 19 24 34 

20 15 18 9 16 
21 11 19 10 19 
18 19 16 8 12 

16 15 16 11 13 
15 12 20 13 14 
17 17 12 9 12 

13 12 20 15 33 
14 10 15 17 39 
12 14 27 14 26 
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0 
0 
1 

7 
5 
9 

4 
2 
7 

1 
1 
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No threat An extremely (Don't 

9. 

10. 

11. 

12. 

13. 

Depletion of the ozone 
layer in the atmosphere 

Arizona 
Colorado 

Overall 

The storage and 
disposal of nuclear 
waste 

Overall 
Arizona 
Colorado 

Reduction of visibility 
and damage to plant life 
in national parks and 
other wilderness areas 
from air pollution 

Overall 
Arizona 
Colorado 

Loss of wilderness 
areas 

Overall 
Arizona 
Colorado 

Constructing dams on 
free-flowing rivers 

Overall 
Arizona 
Colorado 

at all wrious threat know) 
M e a n 1  2 3 4 5 6 7 8  

4.8 l P ! o  3 8 11 21 17 25 2 
5.0 130/0 1 5 9 20 18 31 2 
4.6 11% 5 11 14 22 16 18 3 

5.7 2% 5 5 8 13 16 50 1 
5.8 2% 7 7 5 10 11 59 0 
5.7 2% 4 3 10 17 21 41 2 

4.8 5% 7 8 18 23 15 22 1 
5.0 4% 8 6 14 29 15 24 1 
4.6 7% 6 11 22 18 15 20 2 

5.1 7% 5 8 9 .  23 16 30 1 

5.2 40/0 5 9 11 20 18 31 2 
5.0 9% 5 8 8 25 15 30 0 

4.2 9% 10 16 20 17 9 15 4 

4.2 9% 6 18 22 15 7 16 6 
4.1 10% 13 14 17 18 12 14 2 
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14. Considering all the issues facing your state today, how important do you 
think planning to meet the state's future electricity needs is? Would you 
say it is ... ? 

1. Very important 
2. Somewhat important 
3. Not very important 
4. Not at all important 
5. (Don't know) 

1. 2. 3. 4. 5. 

Overall 
Arizona 
Colorado 

6 6 O / 0  30 2 1 1 
65% 30 1 2 1 
67% 29 2 0 2 

15. Do you think your state can'best meet its future electricity needs by having 
customers use existing supplies of electricity more efficiently, by 
increasing the production of electricity in the area, or by purchasing 
electricity from sources outside the area? 

1. Using electricity efficiently 
2. Increasing electricity production 
3. 
4. (Combination) 
5. (Other) 
6. (Don't know) 

Purchasing electricity from other sources 

1. 2. 3. 4. 5. 6. 

Overall 
Arizona 
Colorado 

61% '18  8 5 3 5 

66% 19 2 4 2 7 
57% 17 13 6 4 4 

16. NA 

Note: NA=Not applicable; question omitted from the survey. 
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In evaluating options for meeting the state's electricity needs, there are 
many priorities that need to be considered. I'd like to know which of the 
following ypu consider most important. 

17. The matt on the env ironment of the option or its a for all consumers? 
1. 
2. Cost most important 
3. (Both equally) 
4. (Don't know) 

Impact on the environment most important 

1. 2. 3. 4. 

53% 35 10 2 
Arizona 50% 37 12 0 
Colorado 55% 32 8 5 

Overall 

18. T h e w e n d  -of the option or its jmDact on the environment ? 
1. Dependability most important 
2. 
3. (Both equally) 
4. (Don't know) 

Impact on the environment most important 

Overall 
Arizona 
Colorado 

1. 2. 3. 4. 

34% 56 8 2 
33% 58 8 1 
35% 54 8 3 

19. T h e m  of the option for all customers or its m n d a b  iLuy? 
1. Cost most important 
2. Dependability most important 
3. (Both equally) 
4. (Don't know) 

1. 2. 3. 4. 

Overall 
Arizona 
Colorado 

36% 55 8 1 
36?4 56 7 1 
36% 53 10 1 
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20. 

21. 

22. 

23. 

24. 

25. 

Now I'm going to read you a list of things that electric companies typically 
provide for their customers. While all of these may be important to you, 
please tell me whether each is one of the least important services or one of 
the most important services you want from your electric company. Please 
use a scale from "1" to "7," where "1" means it is "one of the U 
important" and "7" means it is "one of the most important" things you 
want from your electric company. 

One of the Ieast 
important things 

The highest level of 
service reliability 
available 

Overall' 

NA 

Quick restoration of 
service in an emergency 

Overall* 

Products and services 
to help customers use 
electricity more 
efficiently and reduce 
their energy bills 

Overall* 

Careful planning for the 
future energy needs of 
the area 

Overall' 

Maintenance and 
upgrading of the 
distribution system 
according to the 
highest standards 

Overall* 

Mean 

5.9 

6.2 

5.7 

6.1 

5.6 

' Partial responses only, n=199 
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1 2  

0% 2 

1% 0 

0% 1 

0% 1 

2% 1 

One of the most (Don't 
important things know) 

4 5 6 7  

4 22 23 40 

6 12 21 56 

12 27 23 34 

6 18 25 48 

13 25 24 31 
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26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

Activities and facilities 
that don't harm the 
environment 

Overall' 

Lowest costs for large 
business and industrial 
customers 

Overall' 

Lowest costs for small 
and medium business 
and industrial 
customers 

Overall' 

Lowest costs for 
residential customers 

Overall' 

Safety of its operations 
Overall* 

NA 

NA 

Electricity that is 
consistent, without 
power surges or 
variations in quality 

Overall' 

NA 

-9- 

One of the least One of tho most (Don't 
important things important things know) 
1 2 3 4 5 6 7  8 

5.7 2% 1 2 12 17 17 42 6 

4.1 

4.7 

5.1 

6.2 

11% 5 20 19 21 13 7 

3% 4 14 20 29 12 16 

4% 2 9 16 23 21 24 

2"/o 0 5 4 8 16 63 

4 

4 

' Partial responses only, n=l99 

5.9 0% 4 4 5 16 27 42 4 
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35. 

36. 

37. 
38. 

39. 

NA 

Have you personally taken any steps in the past year to reduce the amount 
of electricity you use around your home? 

1. Yes 
2. (Not sure) 
3. No 

1. 2. 3. 

Overall 
Arizona 
Colorado 

83% 1 16 
90% 0 10 
76% 2 22 
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(If taken steps to reduce amount of electricity use, 83%/90%/ 
76%) 

42. 

43. Specifically, what energy-saving steps have you taken? Anything else? 
(Totals) 

1. Overall 
2. Arizona 
3. Colorado 

(Energy-eff icient lighting) 
(Attic or wall insulation) 
(Heating duct/pipe insulation) 
(Vent damper on water heater) 
(Caulking around windows/doors) 
(Weather stripping around 

windows/doors) 
(Boiler-reset controls) 
(Set-backlprogrammable 

thermostats) 
(Door sweeps) 
(Double-/tripleglazed windows) 
(Storm windows) 
(Attic or roof vents) 
(Replaced old hot water system) 
(Replaced old heating system) 
(Replaced old air conditioning system) 
(Other) 
(Don't know) 

1. 2. 3. 

49% 44%55% 
7 6 8  
3 2 3  
2 3 1  
4 5 2  

6 3 9  
2 2 2  

22 26 16 
0 0 1  
3 2 4  
1 0 3  
0 1 0  
3 3 3  
4 3 4  
7 11 1 

34 36 32 
0 0 0  

44. Did your electric company provide assistance or rebates for any of these 
changes? 

1. Yes 
2. (Not sure) 
3. No 

Overall' 

1. 2 3. 

150/0 4 81 

' Partial responses only, n=179 
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45. (If electric company did not provide assistance or 
rebates for changes or if not sure, 85%) Have YOU ever 
participated in an energy-efficiency program sponsored by your electric 
company? 

1. Yes 
2. (Not sure) 
3. No 

Overall* 
1. 2. 3. 

18Yo 3 79 

* Partial responses only, n=l56 

Now, as I read the following statements, I'd like to know how strongly you 
agree or disagree with each. Use any number from "1" to "7," where "1" 
means you "strongly disagree" and "7" means you "strongly agree" with 
that statement. 

Mean 

46. I am currently doing all I 
can to use electricity 
efficiently. 

Overall 5.6 
Arizona 5.8 
Colorado 5.4 

47. Money spent on increased 
energy efficiency pays off 
in lower electric bills. 

Overall 5.4 
Arizona 5.3 
Colorado 5.5 

Strongly 
disagree 
1 2  

2% 3 
2% 1 
2Yo 4 

6% 4 
6% 4 
5% 3 

Cambridge RepotWResearch International 

Strongly (Don't 
agree know) 

3 4 5 6 7  

7 11 18 18 41 
4 9 1 8 2 2 4 3  
9 13 18 15 39 

6 7 20 21 34 
6 5 2 2 2 2 3 3  
5 9 17 20 35 

.8 

0 
0 
0 

4 
1 
7 
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Mean 

48. Increasing energy 
efficiency also helps the 
economy by 
encouraging companies 
to develop new 
products and services 
that save electricity. 

Overall 5.5 
Arizona 5.5 
Colorado 5.5 

49. I am more aware of the 
amount of electricity I 
am using in my home 
than I have been in the 
past. 

Overall 5.7 
Arizona 5.8 
Colorado 5.5 

50. Energy efficiency is a 
long-term concern that 
benefits everyone. 

Overall 6.4 
Arizona 6.3 
Colorado 6.4 

51. Instead of building new 
power plants, 
companies should 
invest in programs that 
help customers use 
electricity more 
efficiently. 

Overall 5.5 
Arizona 5.5 
Colorado 5.6 

-13- 

Strongly 
disagree 
1 2  

2% 4 
2"/0 4 
1% 4 

6% 3 
5% 3 
7% 2 

2Yo 1 

0% 0 
3% 1 

3% 5 

2% 6 
4"/0 4 

Strongly (Don't 
agree know) 

3 4 5 6 7 8  

6 9 2 3 2 2 3 3  2 

5 11 24 21 31 2 
7 8 2 2 2 2 3 5  1 

3 7 1 3 2 3 4 5  0 
5 4 9 2 2 5 2  0 
2 11 17 23 37 1 

1 2 1 0 2 1 6 4  0 
0 2 11 16 67 0 
3 2 8 2 5 6 0  1 

5 10 19 13 44 1 
5 9 2 3 1 3 4 2  1 
5 12 14 14 46 1 
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52. 

53. 

54. 

My electric company is 
currently doing all it can 
to help customers use 
electricity efficiently. 

Arizona 
Colorado 

Overall 

I am personally willing 
to pay more for my 
electricity if necessary 
to finance energy- 
efficiency measures that 
will reduce the need for 
new power plants in the 
future. 

Overall 
Arizona 
Colorado 

I am personally willing 
to pay more for my 
electricity i f  necessary, 
if it comes from sources 
that are less harmful to 
the environment. 

Overall 
Arizona 
Colorado 

-1 4- 

Strongly Strongly (Don't 
disagree agree know) 

M e a n 1  2 3 4 5 6 7 8  

4.0 13% 6 12 23 21 8 9 6 
4.0 16% 6 11 23 21 9 9 4 
4.1 10% 6 13 24 21 8 10 8 

4.1 170/0 7 12 14 25 11 13 1 
4.0 20% 4 11 13 27 13 10 1 
4.1 1470 10 14 15 22 9 16 1 

5.0 7% 5 9 13 21 16 29 1 
5.0 9% 5 6 12 22 15 30 1 
5.0 6% 4 12 13 21 16 27 1 
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55. (If willing to pay more for electricity to prevent need 
for new plants, 49%/50%/47%) If necessary, approximately how 
much more would you be willing to pay each mo nth in order to finance 
efficiency measures that will reduce the need for new power plants in the 
future? 

1. (Nothing) 
2. ($1 or less) 
3. ($1.01 to $2) 
4. ($2.01 to $3) 
5. ($3.01 to$5) 
6. ($5.01 to $7) 
7. ($7.01 to $10) 
8. (Over $1 O/month) 
9. (Don’t know) 

1. 2 . 3 . 4 . 5 . 6 . 7 . 8 . 9 .  

Overall 6% 7 2 3 15 1 23 24 19 
Arizona 7% 9 3 4 13 0 17 25 22 
Colorado 4% 6 2 2 17 2 29 23 16 

56. (If willing to pay more for electricity if it comes from 
less harmful sources, 66%/67%/64%) if necessary, 
approximately how much more would you be willing to pay each month if 
you knew that your electricity came from sources that are less harmful to 
the environment? 

1. (Nothing) 
2. ($1 or less) 
3. ($1.01 to $2) 
4. ($2.01 to $3) 
5. ($3.01 to $5) 
6. ($5.01 to$7) 
7. ($7.01 to $10) 
8. (Over $10/month) 
9. (Don’t know) 

1. 2 . 3 . 4 . 5 . 6 . 7 . 8 . 9 .  

7% 5 4 4 9 3 20 33 15 
4”/, 6 4 3 11 1 21 32 18 

10% 4 3 4 8 5 20 35 12 

Cambridge ReportslResearch International 
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57. Which of the following reasons for using electricity more efficiently is 
most important to you? 

1. 
2. 
3. 
4. To protect our environment 
5. [Buffer] 
6. (Other) 
7. (Don't know) 

To meet the area's growing energy needs 
To hold down the cost of your electric bills 
To delay the need for new power plants 

1. 2. 3. 4. 5. 6. 7. 

Overall 
Arizona 
Colorado 

7% 40 8 40 NA 2 2 
4% 43 10 40 NA 2 1 

12% 37 7 41 NA 2 2 

58. As you may know, many industries such as telephone, banking, and 
airlines have been deregulated in recent years. Some people say that 
deregulation has benefited consumers by encouraging competition among 
businesses, giving consumers more choices, and improving service. 
Other people say that deregulation has hurt consumers by reducing the 
quality of the products and services they receive, creating confusion, and 
raising prices. In your view, has deregulation generally helped or 
generally hurt consumers? 

1. Generally helped 
2. Generally hurt 
3. (Neither, made no difference) 
4. (Depends on industry) 
5. (Don't know) 

1. 2. 3. 4. 5. 

38% 48 5 3 7 
47% 39 5 3 6 
28% 58 4 2 8 

Overall 
Arizona 
Colorado 
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Recently federal and state rulings have begun to deregulate electric 
companies much the same way the telephone company was deregulated a 
few years ago. One possible result of this deregulation may be 
competition to provide customers with electricity. Customers might buy 
electric power from somewhere else in the state, or even from another part 
of the country, and your local electric company would charge a fee for 
transmitting that power to your home or business. I realize this is 
probably not something you have thought much about before now but, 
just based on this information, I'm going to ask you a few questions about 
the possible impact of such deregulation. 

59. 

60. 

61. 

62. 

For each of the following, please tell me whether you think it will get 
better, get worse, or stay about the same if electric utilities are 
deregulated. 

1. Get better 
2. Stay the same 
3. Get worse 
4. (Don't know) 

The level of service reliability available 
Overall 

Arizona 
Colorado 

NA 

Quick restoration of service in an emergency 
Overall 

Arizona 
Colorado 

Products and services to help customers 
use electricity more efficiently and reduce 
their energy bills 

Overall 
Arizona 
Colorado 

1. 2. 3. 

23% 35 36 
27% 39 32 
19% 31 42 

25% 32 40 
26% 34 37 
24"/0 30 43 

41% 31 24 4 
40% 33 25 2 
42% 29 24 5 
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63. 

64. 

65. 

66. 

67. 

68. 

1. Get better 
2. Stay the same 
3. Getworse 
4. (Don't know) 

1. 2. 3. 

Careful planning for the future energy needs 
of the area 

Overall 
Arizona 
Colorado 

Maintenance and upgrading of the 
distribution system 

Overall 
Arizona 
Colorado 

Activities and facilities that don't harm the 
environment 

Overall 
Arizona 
Colorado 

Costs for large business and industrial 
customers 

Overall 
Arizona 
Colorado 

Costs for small and m-dium business and 
industrial customers 

Arizona 
Colorado 

Overall 

Costs for residential customers 
Overall 

Arizona 
Colorado 

37/0 25 34 
47% 27 22 
26% 23 47 

34% 29 29 
40% 28 25 
27% 30 35 

4. 

4 
4 
4 

8 
7 
8 

32% 31 31 6 
42% 30 23 5 
22/0 31 40 7 

41% 23 31 5 
44% 27 25 4 
37% 18 38 6 

28% 28 40 4 
27% 32 37 4 
28% 25 43 4 

26%0 22 51 2 
30% 23 45 2 
22?4 21 57 1 
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1. Get better 
2. Stay the same 
3. Getworse 
4. (Don't know) 

69. Safety of its operations 
Overall 

Arizona 
Colorado 

70. NA 

71. NA 

1. 2. 3. 4. 

20% 39 36 5 
23% 40 32 4 
17% 37 40 6 

72. Electricity that is consistent, without power 
surges or variations in quality 

Overall 197'0 37 37 8 
Arizona 23% 36 36 5 
Colorado 15% 38 37 IO 

Now I'm going to read another list of statements about what might happen 
if the electric utility industry is deregulated or partially deregulated. As I 
read each one, please tell me how important each would be to you in a 
deregulated environment. Use a scale from "1" to "7," where "1" is "not at 
all important*' and "7" is **very important.** 

Not at all Very (Don't 
Important Important know) 

M e a n 1  2 3  4 5  6 7  8 

73. NA 

74. How important is it to 
you that the current 
level of support for 
energy-eff icient 
products and services 
be maintained? 

Overall 5.9 2% 1 4 7 15 25 46 0 
Arizona 5.8 4% 0 6 6 15 21 47 1 
Colorado 6.1 0% 2 1 8 15 29 45 0 
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75. How important is it to 
you that assistance for 
lower-income 
customers who have 
trouble paying their 
electric bills be 
continued? 

Overall 
Arizona 
Colorado 

76. How important is it to 
you that smaller 
business and 
residential customers 
be protected from rate 
increases that may 
result if large industrial 
customers shift their 
business to other 
electricity suppliers? 

Arizona 
Colorado 

Overall 

77. How important is it to 
you that electricity 
producers who are 
using renewable and 
alternative power have 
equal access in the 
electricity generat ion 
market? 

Overall 
Arizona 
Colorado 

-20- 

Not at all Very (Don’t 
Important important know) 

Mean 1 2  3 4 5  6 7 a 

5.3 7% 2 7 10 20 14 38 1 
5.3 7”/0 3 7 10 22 12 37 2 
5.4 8o/o 2 6 11 18 17 39 1 

5.9 5% 2 2 5 14 23 49 1 
5.8 7”/0 2 2 6 14 17 52 0 
6.1 2% 1 1 3 13 30 46 3 

Cambridge ReportslResearch international 

5.6 2% 2 5 7 26 21 35 3 
5.6 2% 1 7.  8 25 19 36 1 
5.7 1% 4 2 6 27 22 33 4 
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Mean 

78. 

79. 

How important is it to 
you that environmental 
concerns such as clean 
air compliance are 
maintained? 

Overall 6.3 
Arizona 6.2 
Colorado 6.4 

How important is it to 
you that your electric 
company be protected 
from losing money for - 
power plants it has built 
even i f  the plants can 
no longer produce 
electricity at a 
competitive price? 

Overall 
Arizona 
Colorado 

80. NA 

81. How important is it to 
you that restrictions are 
placed on purchasing 
electricity from sources 
that are more harmful to 
the environment, even i f  
such power is less 
expensive? 

Overall 
Arizona 
Colorado 

-21 - 

Not at all 
Important 
1 2  

2% 0 
4% 0 
0% 1 

Very (Don't 
important know) 

3 4 5 6 7 8  

4 3 8 2 0 6 3  0 
4 4 5 2 1 6 1  0 
3 2 11 18 65 1 

4.0 19% 7 11 17 21 5 17 3 

4.3 14% 6 13 19 13 8 22 4 
3.7 24% 9 9 14 28 3 12 2 

5.6 6% 2 5 7 19 20 40 2 
5.5 5% 4 5 6 22 18 39 2 
5.7 6% 0 4 7 17 22 42 2 
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Not at all Very (Don't 
Important Important know) 

M e a n 1  2 3  4 5  6 7  8 

82. How important is it to 
you that the 
maintenance and 
upgrading of the long- 
distance electricity 
transmission system be 
ensured? 

Overall 5.6 1% 4 5 8 26 19 35 3 
Arizona 5.4 2% 5 7 7 22 16 36 4 
Colorado 5.7 0% 2 2 8 29 22 33 2 

83. How important is it to 
you that the 
maintenance and 
upgrading of the local 
electricity distribution 
system is ensured? 

Overall 5.8 2% 2 4 6 20 21 43 2 

Colorado 5.9 2 ? ! 1  2 6 2 2 2 2 4 4  2 
Arizona 5.6 2% 4 6 6 18 20 41 3 

84. Suppose you could choose another electric company to serve you. Please 
use a scale of "1" to "7" where "1" means "definitely would choose 
another company" and "7" means "definitely would stay with my current 
company" to tell me how you feel about your current electric company.. 

Overall 
Arizona 
Colorado 

Definitely would Definitely would 
choose another stay with current (Don't 
company company know) 

M e a n 1  2 3 4 5 6 7 8  

5.3 8% 2 5 11 16 13 40 4 
5.3 10% 1 8 11 15 11 40 4 
5.4 6% 4 2 10 18 15 40 4 
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85. 

86. In considering whether or not to stay with your current electric company, 
which of the following factors would be 
decision? Which would be second most important? 

important in making your 

1. cost 
2. Reliability of electricity supply 
3. Quality of electricity supply 
4. 
5. 
6. How electricity is generated 
7. (Other) 
8. (Combination) 
9. (Don't know) 

The ability to choose another supplier 
The reputation of the supplier 

1. 2 3 . 4 . 5 . 6 . 7 . 8 . 9 .  

Overall 
First response 33% 31 12 3 6 10 1 0 4 
Second response 30% 27 16 6 7 14 0 1 0 

Arizona 
First response 41% 26 10 3 4 11 1 O 4 
Second response 27% 30 16 4 7 16 0 0 0 

First response 24% 37 13 4 7 9 1 1 4 
Colorado 

Second response 33% 23 16 8 7 12 0 1 0 
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The next questions focus on your electric company specifically. 

87. First, what is the name of your electric company? 
1. Overall 
2. Arizona 
3. Colorado 

Public Service Company of Colorado 
Salt River Project 
Arizona Public Service Company 
Tuscon Electric Power Company 
General cooperative 
General municipal utility 
Rural Electric Member Corporation 
GeneraVf ederaVst at eldistrict system 
General publicly held company 
Public Service Company of New Mexico 
Other 
Don't know 

1. 2. 3. 

26% 0%55% 
16 31 0 
15 29 0 
9 18 0 
4 5 2  
3 0 7  
3 0 5  
1 2 0  
1 1 2  
1 0 0  

15 13 21 
5 1 10 

88. Is your electric company publicly held-that is owned by stockholders-run 
by your town or city, a cooperative which is run by its members, or some 
other type of organization? 

1. Publicly held company 
2. Municipal utility 
3. FederaVstate/district system 
4. Cooperative 
5. Other 
6. (Don't know) 

1. 2. 3. 4. 5. 6. 

53% 4 17 6 15 5 
48% 1 33 5 12 1 
58% 7 0 7 19 10 

Overall 
Arizona 
Colorado 
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89. I would like to know how you rate your electric company overall on a scale 
of "1" to '7," where "1" means "very unfavorable" and "7" means "very 
favorable." The more favorable you generally feel toward your electric 
company, the higher the number you would give. 

very Very (Don't 
unfavorable favorable know) 

M e a n 1  2 3 4 5 6 7 8  

Overall 
Arizona 
Colorado 

5.4 2%0 2 8 10 22 30 25 1 
5.4 1% 3 9 9 27 24 27 1 
5.4 4"/0 0 8 12 17 35 24 1 

90. I'd also like you to tell me how you feel about your electric rates. On a 
scale of "1" to "7," where "1" means "completely unfair and 
unreasonable," and "7" means "completely fair and reasonable," how fair 
and reasonable do you think your electric rates are? 

Completely unfair Completely fair (Don't 
and unreasonable and reasonable know) 

M e a n 1  2 3 4 5 6 7 8  

Overall 4.7 3% 5 12 19 30 17 12 2 
Arizona 4.5 3% 7 16 19 29 14 9 3 
Colorado 5.0 3% 3 8 19 30 20 15 2 

91. Thinking of your electric company, I'd like to know if you think it has 
earned your loyalty as a customer. Please use this scale of "1" to "7," 
where "1" means it "definitely has not earned my loyalty" and "7" means it 
"definitely has earned my loyalty" to tell me how you feel about your 
electric company. 

Overall* 

Definitely has not Definitely has (Don't 
earned my loyalty earned my loyalty know) 

M e a n 1  2 3 4 5 6 7 8  

5.2 5% 3 5 13 22 29 22 1 

Partial responses only, n-199 
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93. NA 

-26- 

Now, I'd like to ask you some questions for statistical purposes only. 

95. Using a scale from "1" to "7," where "1" means "do not identify with at all" 
and "7" means "strongly identify with," please tell me how much you 
identify yourself with the label "environmentalist." 

Do not identify Strongly (Don't 
with at all identify with know) 

w e a n 1  2 3 4 5 6 7 8  

Overall 
Arizona 
Colorado 

4.2 13% 4 11 18 34 10 9 1 
4.2 12% 4 15 18 30 11 8 2 
4.2 14% 5 6 18 38 9 9 1 

96. In the past year, have you or has anyone in your household donated to or 
been active in a group or organization working to protect the 
environment? 

1. Yes 
2. (Not sure) 
3. No 

Overall 
Arizona 
Colorado 

Cambridge ReportslResearch International 

1. 2 3. 

40% 3 57 
43% 2 56 
37% 5 57 
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103. What was the last grade you completed in school? 
1. Some grade school (1-8) 
2. Some high school (9-1 1) 
3. Graduated high school 
4. Technicahocational school 
5. Some college 
6. Graduated college 
7. Gradu ate/prof essional school 
8. (Don't know/refused) 

1. 2. 3 . 4 . 5 . 6 . 7 . 8 .  

Overall 2% 6 27 5 26 25 9 2 
Arizona 1% 4 25 3 2 8 2 9  6 2 
Colorado 2% 7 29 7 23 20 12 1 

104. What is your age? 
1. 18-25 
2. 26-35 
3. 36-45 
4. 46-55 
5. 56-65 
6. Over65 
7. (Refused) 

1. 2. 3 . 4 . 5 . 6 . 7 .  

4% 26 24 15 12 16 2 
7% 25 21 15 10 20 2 
2%0 28 27 16 14 11 2 

Overall 
Arizona 
Colorado 
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105. Would you please tell me in which of the categories I read is your 
household income-of everyone living in this house? 

01. $0-7,999 
02. $8-1 1,999 
03. $1 2-1 4,999 
04. $1 5-1 9,999 
05. $20-24,999 
06. $2534,999 
07. $35-49,999 
08. $50-74,999 
09. $7599,999 
10. $100,000 and over 
11. (Refused) 
12. (Don’t know) 

01. 02. 03. 04. 05. 06. 07. 08. 09. 10. 11. 12. 

Overall 3% 6 4 6 7 1 5 2 2 1 7  5 5 9 
Arizona 2?? 7 2 7 7 1 6 2 2 1 6  5 3 1 1  
Colorado 3% 4 6 5 8 1 3 2 2 1 9  5 8 8 

106. Please indicate which category best describes your situation. Are you 
presently a paid full-time employee, a paid part-time employee, self- 
employed, a student, homemaker, or retired? 

01. Full-time paid employee 
02. Part-time paid employee 
03. Self-employed 
04. Student 
05. Homemaker 
06. Retired 
07. (Military) 
08. (Not currently employed) 
09. (Other) 
10. (Refused) 
11. (Don’t know) 

01. 02. 03. 04. 05. 06. 07. 08. 09. 10. 

Overall 
Arizona 
Colorado 

49”/0 8 12 2 6 21 0 1 0 2 0 
51% 8 4 4 6 2 6  0 0 0 2 0 
48% 9 19 0 6 15 0 1 0 1 0 

0 
1 
0 

1. 
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97. (If donated to or been active in environmental group/ 
organization, 40%/43%/37%) What type of environmental 
activities have you been involved in? 

1. Overall 
2. Arizona 
3. Colorado 

Donat ions 
Recycling 
Belong to groups 
Plant trees 
Preserve animals and habitats 
Clean-up programs 
Save rainforests - 
Can't remember 
Trash pickup 
Air pollution control 
Clean up parks 
Clean up water 
Education 
Water quality 
Clean up roads 
Rallies 
Other 

1. 2. 3. 

27% 22% 34% 
13 13 12 
11 12 9 
9 9 9  
8 11 4 
4 5 2  
4 5 2  
3 5 0  
3 5 0  
3 3 2  
3 2 4  
2 2 2  
2 2 2  
2 0 4  
1 0 2  
1 0 2  
5 3 7  

98. Do you own or rent your home? 
1. Own 
2. Rent 
3. (Live with relatives) 
4. (Other) 
5. (Refused/donP know) 

Overall 
Arizona 
Colorado 

1. 2 3. 4. 5. 

74% 24 0 0 1 
77% 22 0 0 2 
72% 27 0 0 1 
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99. Do you usually see and pay your electricity bills, does someone else in 
your household usually see and pay the electricity bills, or is electricity 
included in your rent? 

I see and pay bills 
Someone else sees and pays bills 

(Both I and someone else share duty) 

1. 
2. 
3. Included in rent 
4. 
5. (Don? know) 

1. 2. 3. 4. 5. 

76% 14 3 7 1 
79% 14 3 3 2 
72% 13 3 11 1 

Overall 
Arizona 
Colorado 

100. 

101. 

102. 

NA 

Which of the following do you consider yourself? 
1. White 
2. African American 
3. Latino 
4. Asian 
5. Some other group 
6. (Refused) 
7. (Don't know) 

1. 2. 3. 4 . 5 . 6 . 7 .  

Overall 80% 3 8 1 8 0 0 
Arizona 78% 2 10 0 10 0 0 
Colorado 8 3 % 4  6 2 6 0 0 

Sex: 

Overall 
Arizona 
Colorado 

1. Female 
2. Male 

1. 2. 

52% 48 
51% 49 
52% 48 

Cambridge ReportslResearch International 
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99. Do you usually see and pay your electricity bills, does someone else in 
your household usually see and pay the electricity bills, or is electricity 
included in your rent? 

i see and pay bills 
Someone else sees and pays bills 

(Both I and someone else share duty) 

1. 
2. 
3. Included in rent 
4. 
5. (Don't know) 

1. 2. 3. 4. 5. 

Overall 
Arizona 
Colorado 

100. NA 

101. 

Overall 
Arizona 
Colorado 

76% 14 3 7 1 
79% 14 3 3 2 
72% 13 3 11 1 

Which of the following do you consider yourself? 
1. White 
2. African American 
3. Latino 
4. Asian 
5. Some other group 
6. (Refused) 
7. (Don't know) 

1. 2. 3. 4 . 5 . 6 . 7 .  

8 0 % 3  8 1 8 0  0 
70% 2 10 0 I O  0 0 
83% 4 6 2 6 0 0 

102. Sex: 
1. Female 
2. Male 

Overall 
Arizona 
Colorado 
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52% 48 
51% 49 
52% 48 
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103. What was the last grade you completed in school? 
1. 
2. 
3. 
4. 
5. 

-- 

Overall 
Arizona 
Colorado 

Some grade school (1-8) 
Some high school (9-1 1) 
Graduated high school 
Technicahocational school 
Some college 
Graduated college 
Gradu atelprof essional school 
(Don’t knowlrefused) 

1. 2 3. 4. 5. 6. 7. 8. 

2% 6 27 5 26 25 9 2 
1% 4 25 3 2 8 2 9  6 2 
2% 7 29 7 23 20 12 1 

18-25 
26-35 
36-45 
46-55 
56-65 
Over 65 
(Refused) 

1. 2 3. 4. 5. 6. 7. 

4% 26 24 15 12 16 2 
7”/0 25 21 15 10 20 2 
2% 28 27 16 14 11 2 
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105. Would you please tell me in which of the categories I read is your 
household incow-of everyone living in this house? 

01. $0-7,999 
02. $8-1 1,999 
03. $1 244,999 
04. $1 5-1 9,999 
05. $20-24,999 
06. $2534,999 D 

I 
07. $3549,999 
08. $50-74,999 
09. $75-99,999 
10. $100,000 and over 
11. (Refused) 
12. (Don’t know) i 

i 
01. 02. 03. 04. 05. 06. 07. 08. 09. 10. 11. 12. 

t Overall 3% 6 4 6 7 1 5 2 2 1 7  5 5 9 0  
Arizona 23’0 7 2 7 7 1 6 2 2 1 6  5 3 1 1  1 b 

Colorado 3% 4 6 5 8 1 3 2 2 1 9  5 8 8 0  

I 

I 106. Please indicate which category best describes your situation. Are you 
presently a paid full-time employee, a paid part-time employee, self- 
employed, a student, homemaker, or retired? 

01. 
02. 
03. 
04. 
05. 
06. 
07. 
08. 
09. 
10. 
11. 

Full-time paid employee 
Part-time paid employee 
Self-employed 
Student 
Homemaker 
Retired 
(Military) 
(Not currently employed) 
(Other) 
(Refused) 
(Don’t know) 

Overall 
Arizona 
Colorado 

01. 02. 03. 04. 05. 06. 07. 08. 09. 10. 11. 

49% 8 12 2 6 2 1  0 1 0  2 0 
51% 8 4 4 6 2 6  0 0 0 2 0 
48% 9 19 0 6 1 5  0 1 0  1 0  
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107. Are you registered to vote in this area, or not? 
1. Yes 
2. (Not sure) 
3. No 

Overall 
Arizona 
Colorado 

1. 2. 3. 

80% 2 18 
78%0 2 20 
83% 2 15 

108. Generally speaking, do you usually think of yourself as a Democrat, a 
Republican, an Independent, or something else? 

1. Democrat 
2. Republican 
3. Independent 
4. Something else 
5. (Undecided) 

1. 2. 3. 4. 5. 

Overall 
Arizona 
Colorado 

33% 33 25 3 6 
33% 37 23 2 5 
33% 30 26 4 8 

109. Would you describe yourself as more of a liberal or more of a 
conservative? 

1. Liberal 
2. Conservative 
3. (Moderate) 
4. (Refused) 
5. (Don't know) 

1. 2. 3. 4. 5. 

Overall 
Arizona 
Colorado 

31% 54 8 2 6 
33% 53 8 2 4 
29% 55 7 2 7 
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Preface 

One intended result of federal investments in renewable energy research and development @&D) 
programs is the adoption and use of renewable energy technologies in the energy marketplace. 
Insights into the nature of energy markets can help to assure that the technologies being developed 
are compatible with these markets. 

In April 1995, the Center for Energy and Economic Development (CEED), a coal industry lobbying 
group, issued a report critical of the role that renewable energy technologies can play in future power 
sector markets. Both the National Renewable Energy Laboratory (NREL) and the U.S. Department 
of Energy (DOE) felt that it was important to respond to the CEED report by examining its basic 
assumptions regarding renewable energy and fossil-fbel-based technologies and fbture power markets. 
This report documents the NREL analysis that refbtes many of the CEED report’s key findings. 

NREL’s Analytic Studies Division (ASD) supports the long-range planning of the overall federal 
renewable energy R&D program, both at NREL and DOE, by conducting analyses on aspects of 
energy market competition that are relevant to the present and future deployment of renewable energy 
technologies. ASD reports on these efforts to DOE and NREL managers, as well as external utility 
sector stakeholders, to enhance their awareness of competitive and institutional factors that may 
affect the successful deployment of renewable energy technologies in the marketplace. 

The authors wish to acknowledge the support of the Office of Utility Technologies in the Office of 
Energy Efficiency and Renewable Energy at DOE and to thank several external reviewers. The 
authors also thank Mary Anne Dunlap for editorial assistance. 

Approved for the 
NATIONAL RENEWABLE ENERGY LABORATORY 

4LJ*  EE?! 
Thomas D. Bath, Director 
Analytic Studies Division Utility Analysis Project 
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lntrod uc ti o n 

In April 1995, the Center for Energy and 
Economic Development (CEED), an umbrella 
organization of pro-coal interests, released a 
report entitled Energy Choices in a Competitive 

Energy Resources in America's Electric 
Generation Mix. The report purports to show 
that a very modest growth in the use of renewable energy in the U.S. power sector would entail 
unafEordable costs for the nation's electricity ratepayers. 

. . . a modest growth path of renewable 
resource development would essentialIy cost the 
nation little than projected electricity 

Era: lh? Role of Renewable and Traditional market costs for coal-firedgenerafion. . . . 

The National Renewable Energy Laboratory (NREL) was commissioned by the U. S .  Department of 
Energy (DOE) to review the assumptions contained in the report, which was prepared for CEED by 
Resource Data International, Inc. 0 1 ) .  The NREL analysis finds that the conclusions of the 
CEED/RDI study are based on faulty data and assumptions regarding the comparative economics of 
coal and renewable energy development. After correcting these errors, NREL finds that a modest 
growth path of renewable resource development would essentially cost the nation little more than 
projected electricity market costs for coal-fired generation, even before considering the environmental 
benefits that would accompany this development. 

The True Cost of Renewables 

The CEED/RDI study claims that a modest 
increase in the contribution of nonhydro 

2% Of total 
eledi% today to 4% in 2010, will Cost 
the nation $52 billion "above today's most 
competitive power alternatives." NREL market than the 4% assumed by CEED/RDI. 

. . . because renewable energy technologies 
will become more, not less, cost competitive, 
nonhydro renewables could. . . supply a 
much larger@action of thefirture paver 

energy sources, 
. 

estimates that the extra cost of renewables 
development would be $1.9 billion over 15 
years, or an average ofjust more than $100 million annually - less than one-tenth of 1% of the total 
annual revenue of the U.S. electric utility industry. In fact, the NREL analysis shows that certain 
renewable energy technologies, such as geothermal and wind, are projected to become more 
economic than coal during this period. 

Why the big difference? First, the CEED/RDI analysis relies on data that overstate the cost and 
performance advantages of coal-fired plants. The NREL analysis used coal data from the Electric 
Power Research Institute (EPIU), the national research and development (R&D) organization for the 
electric utility industry, and from the U.S. Energy Information Administration (EIA), the statistical 
arm of DOE. This change alone reduces the CEED/R.DI renewables cost by $8.6 billion. 

L 
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Second, the CEEDRDI analysis employs unjustifiably high cost estimates for renewable energy 
technologies and assumes no improvement in technology costs and performance throughout the 15- 
year analysis period. This assumption is contrary to recent market experience, which has seen several 
utilities contract for cost-effective renewable energy power. In addition, this assumption runs counter 
to the last 15 years of history, which has witnessed dramatic improvement in renewable energy 
technology costs and performance. Many energy analysts expect these improvements to continue.* 
For its analysis, NREL substituted renewable energy cost data from DOE, which are more 
representative of current market costs and which account for expected future technology 
improvements. This substitution accounts for a hrther reduction of $31.6 billion from the 
CEED/RDI estimate. 

Finally, the CEEDRDI analysis assumes a fixed market share for renewable energy technologies. 
It does not consider comparative economics or the ability of renewable energy industries to supply 
the market. The NREL analysis assumes a more orderly development path for the renewables 
industries. This final difference reduces the CEED/RDI estimate by another $9.9 billion, leaving a 
total "above-market" cost estimate of only $1.9 billion over the next 15 years. Furthermore, because 
renewable energy technologies will become more, not less, cost competitive, nonhydro renewables 
could be reasonably expected to supply a much larger fraction of the future power market than the 
4% assumed by CEED/RDI. 

Energy Subsidies 

The CEED/RDI study implies that renewable 

with massive public subsidies, stating that maturefossilfiel and mclem the 
''advocates for renewable energy technologies existing subsidy structure marked& distorts 
are inaeashgb heading to public policy fOrums the markeplace . . . awaycfi.om renewables. I' 
as they fail to make their case in the open -Congressional Research Service 
market'' (page 16). 

energy can Only be competitive "because the great bulk of incentives support 

However, what CEED/RDI fail to note is that coal and other fossil fuels historically have been and 
continue to be the recipients of massive public subsidies. A recent paper by the Congressional 
Research Servics (CRS) summarizes the findings of several energy subsidy studies, including a 1992 
study by DOE'S E N 2  These studies have consistently found that public subsidies given to fossil fuels 
far outweigh incentives available for renewables development. Indeed, CRS notes that the most 
recent of these analyses found that "because the great bulk of incentives support mature fossil and 
wclear equipment, the existing subsidy structure markedly distorts the marketplace for energy in a 

-ection away fiom renewables." 

recently, the federal government -has contributed nearly $3 billion to the development of new 
*g technologies through the Clean Coal Technology Program, while the renewable energy 

is today fighting to maintain a $300 million annual federal R&D budget for all renewable 
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energy technologies ~ombined.~ And RDI itself, in another recent analysis, estimates that ratepayers 
nationwide will incur costs of $14.8 billion because of above-market, long-term coal contracts 
between electric utilities and coal produ~ers.~ 

Environmental Impacts 

While CEED/RDI expend great effort to ascribe 

they conveniently ignore the costly of fossil-fuel-basedplants are never 
environmental impacts associated with the considered upfront when generation ' 

combustion of fossil fuels. For example, because 

negative environmental impacts to renewables, n e  prospective emironmental cleanup costs 

investment decisions are made. . . . 
of fossil-fuel-based emissions of sufir  dioxide 
and nitrogen oxides, electricity ratepayers will be 
required to pay $4 billion or more per year to clean up emissions under the Clean Air Act 
Amendments of 1990.5 The specter of additional emissions control requirements (e.g., for control 
of air toxics and fine particulates, not to mention carbon dioxide), as well as environmental taxes, 
potentially creates additional cost burdens. 

The prospective environmental cleanup costs of fossil-fuel-based plants are never considered up front 
when generation investment decisions are made; only later are ratepayers presented with these costs. 

The Reliability of Renewable Energy Systems 

To further discredit renewables, the CEED/RDI 
report states that many renewable energy sys- 

tems are In using generally comparable to that of conventional 
traditional utility reliability criteria as a gauge, 
the reliability of renewables projects is generally 
comparable to that of conventional utility gen- 
erating plants. For example, the availability of newer wind plants has improved to 95% or greater 
on average.6 And photovoltaics systems are highly valued in remote applications specifically for their 
high reliability compared with the reliability of diesel generation and stand-alone battery systems. 

. . . the reliability of renewablesprojects is 

utility generatingplants, 

CEED/RDI point to the capacity factors and dispatchability of renewable projects as reliability 
issues. However, the majority of renewable technologies can operate in base load or are otherwise 
dispatchable; geothermal units can have capacity factors greater than 90%. For comparison, the 
average capacity factor for all operating coal-fired power plants in the United States was 60% fiom 
1990 to 1994.' Solar- and wind-based projects, without storage, typically have capacity factors of 
20% to 30% because they operate only when the sun shines or the wind blows. 

However, the plant capacity factor is not as important as whether the plant generates its predicted 
output, that is, the output level upon which the economic decision to build the plant was based. 
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Also, utility plants are dispatched based on production costs, and because many renewables have low 
production costs, renewables tend to be dispatched whenever the output is available to displace the 
power produced from units with higher production costs. 

When power from intermittent resources is not available, other generators on the system must be 
called upon to supply the power. At low penetration levels, this situation is much like the normal 
utility system response to load fluctuations. At higher penetration levels, a utility might have to 
provide additional dispatchable capacity to compensate for both normal load fluctuations and the 
output variations of intermittent generators. A recent NREL review of this topic suggests that 
intermittent generation levels of at least 10% can be accommodated with no adverse system impacts.8 
Already today, wind generation provides up to 7% of the system load, and has supplied about 5% 
during peak hours, on the Pacific Gas and Electric system with no adverse effects.' These intermit- 
tent penetration levels are far above the contributions examined in the CEED/RDI study. In fact, 
research shows that intermittent penetration levels above 10% are also entirely feasible, with any 
technical limits being a hnction of the specific utility system characteristics." 

The Impact of Electricity Competition 

Finally, CEED and RDI state that with "open 
and direct competition" in electricity markets, 
renewable energy use is likely to decline be- 

the contrary, the renewable energy industry 
welcomes truly open and fair competition as a 
boon to renewables development." This is because true competition will provide electricity 
customers with the ability to choose from an expanded number of electricity suppliers offering 
alternative services, ones that will include renewables. This situation is akin to shopping at a 
supermarket where customers base their purchases, in part, on product differentiation and perceived 
value. A large segment of the American public has consistently supported greater development of 
renewable energy sources, and utility surveys are also revealing customer preferences for 
renewables.12 At the same time, a growing market will ensure continued improvement in the 
economics of renewable energy technologies. 

. . . the renewable energy industry welcomes 
fruly open and fair as a boon to 

cause it Will be priced Out of the market. On renewables development. 

However, the electric industry is just now beginning its experiment with more competitive market 
structures. In addition, the existing system of energy subsidies will continue to distort energy market 
decisions. To the extent that truly fair and competitive markets cannot be obtained, public policies 
and regulation may stiU be required to assure that the public interest is factored into market outcomes. 
And even in a perfectly competitive market, market failures, such as accounting for the uncosted 
environmental impacts of different energy resources and assuring adequate provision of public goods, 
will continue to exist. A properly fbnctioning competitive market should provide ample development 
opportunities for renewables. We won't really know until effective market tests are performed. 
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Endnotes 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

See, for example, the discussion on renewable energy in DOE'S recent National Energy Policy 
Plan, which notes that "During the last 15 years, intensive work by industry and the 
Department of Energy's national laboratories has steadily increased the reliability of 
renewables energy systems while dramatically lowering their costs. These systems are 
gradually becoming commercially competitive with conventional power sources'' (Sustainable 
Enera Strategy: Clean andsecure Energy for a Competitive Economy, July 1995, page 44). 
An analysis of energy &tures performed by Shell International notes that renewables costs 
will continue to fall as production increases. Thus, the key question for renewables is not 
whether costs will be lowered but ''the speed at which market opportunities will appear, to 
enable renewables to move down their cost curves" (E.J. Grunwald, "Energy in the Long 
Term," Shell International Petroleum Co. Ltd, undated). And even the CEEDRDI report 
acknowledges that ''renewable energy has made important advances in lowering costs" (page 
2-5). 

F. Sissine, "Renewable Energy: A New National Commitment?" Congressional Research 
Service, January 5, 1995. 

US. General Accounting Office, Ways to Strengthen Controls Over Clean Coal Technology 
Project Costs, GAORCED-93- 104, March 1993. 

Presentation by Thomas Feiler, RDI, to the National Association of Regulatory Utility 
Commissioners, July 25, 1995. 

M. Hoske, "Phase I Compliance Plans Emphasize Flexibility," Electric Light & Power, 
August 1993. 

C. Weinberg, "Wind Energy and the Electric Utility Industry," Proceedings of Windpower 
'90, American Wind Energy Association, 1990. 

North American Electric Reliability Council, Generating Unit Statistics 1990-1994, June 
1995. 

Y. Wan and B. Parsons, Factors Relevant to Utility Integration of Intermittent Renewable 
Technologies, National Renewable Energy Laboratory, NREL/TP-463-4953, August 1993. 

D. Smith and M. Ilyin, "Wind Energy Evaluation by PG&E," Proceedings ofthe Ninth A W E  
Wind Energy Symposium, 1990. 

Wan and Parsons, Op Cit. 

Edwin Mansfield, in his classic microeconomics textbook (Microeconomics: Theory and 
Applications, Third Edition, W.W. Norton and Company), describes the four conditions that 
define the model of a perfectly competitive market: 
(1) The product of any one seller must be the same as the product of any other seller; 
(2) Each participant in the market, whether buyer or seller, must be so small, in relation to 
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the entire market, that it cannot by itself affect the market price of the product; 
(3) All resources must be completely mobile; each resource must be able to enter and leave 
the market, and switch from one use to another, very readily; and 
(4) Consumers, firms, and resource owners must have perfect knowledge of the relevant 
economic and technological data. 

12. See, for example, B. Farhar, Trendr in Public Perceptions and Preferences on Energy and 
Environmental Policy, National Renewable Energy Laboratory, NREL/T.P-46 1-4857, 
February 1993 and D. Moskovitz, "'Green Pricing': Customer Choice Moves Beyond IRP," 
The Electricity Journal, October 1993. 
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Appendix 

NREL Calculation of National Renewable Energy 
Deployment Costs 

This appendix documents the key assumptions adopted in recalculating the costs of continued 
renewables deployment as presented in the CEED/RDI report. These assumptions deal with the 
cost and performance attributes of coal-fired and renewable-energy-based generation, as well as 
the rate at which different renewable energy technologies penetrate the electricity supply market. 
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The RDI Base Case 

? 

To arrive at the $52 billion cost estimate for its base case renewables deployment, RDI calculates 
the difference between the levelized generation cost for a pulverized coal-fired plant, considered 
to be the lowest-cost generation option, and the weighted average cost of a mix of nonhydro 
renewables technologies. The renewables technologies are differentiated by those that involve 
’combustion processes (biomass and waste to energy WTE]) and those that are “naturally 
occurring” (geothermal, photovoltaics, solar thermal, and wind). RDI assumes that nonhydro 
renewable energy generation will grow from 75 billion kWh in 1995 to 180 billion kWh in 2010 
or from 2.32% to 4.49% of the total U.S. electricity generation by 2010. The annual increase 
in renewable energy generation, for both combustion and noncombustion sources, is multiplied 
by the RDI-calculated cost differential to obtain an annual cost difference. The sum of these 
annual cost differences yields the aggregate $52 billion cost estimate (Table 1). 

Although the CEEDIRDI report states that the base case levelized cost for a new coal plant is 
3.8CIkWh (e.g., Table 4-1 on page 4-4), RDI assumes a levelized coal generation cost of 
4.20CIkWh for the base case calculation in its spreadsheet model (available from CEED). NREL 
was able to replicate the RDI results using this higher value. 
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NREL Case #I - Future Coal Costs 

The first sensitivity that NREL examined was the very favorable assumptions that RDI adopted 
for future coal generation costs. These assumptions fall into three main categories: (1) the capital 
cost of a new coal-fired plant, (2) the price of coal, and (3) the capacity factor of the plant. 

Coal Plant Capital Cost 

RDI assumes a capital cost of $956/kW for a new 400-MW coal-fired power plant to be 
constructed in the Northeast that incorporates a wet flue-gas desulfurization (FGD) system for 
emissions control. RDI attributes this cost estimate to Duke/Flour Daniel. However, this cost 
estimate is 20% below the cost of a new coal-fired plant adopted by the Electric Power Research 
Institute (EPRI) in its Technical Assessment Guide (TAG).' The EPRI TAG is a standardized 
utility industry primer that provides generic technology cost and performance data that utilities 
can use to perform preliminary screening analyses of resource options. Although the TAG may 
be useful for ranking different technology options for planning purposes, the cost data do not 
necessarily reflect the actual utility cost of installing a power plant today. However, no new 
utility-owned, coal-fired capacity has been brought into service since 1992 from which current 
market cost data can be derived. Data for 1991 from RDI's own POWERdat" database yields a 
cost range of from $705/kW for a 705.5-MW addition to a pre-existing coal plant (J.H. 
Miller-Alabama Power Co.) to $1,78l/kW for a new 349-MW plant (TNP One-Texas-New 
Mexico Power CO.) .~ Because of the absence of current market data for coal plants, NREL 
adopted a standard TAG coal plant representation - a 300-MW pulverized coal plant with FGD 
sited in the Southeast. 

NREL investigated potential cost improvements for advanced coal technologies. However, an 
examination of both EPRI and EIA cost estimates for advanced coal technologies found that these 
technologies offer no significant cost advantage over conventional pulverized coal technology. 
In fact, the projected costs of these advanced technologies would be, in most cases, significantly 
higher than the conventional coal plant cost adopted for the NREL analysis. 

Coal Price Projections 

RDI utilizes a proprietary forecast for coal prices that is some 20% below cost projections from 
other sources. NREL substituted the latest coal price forecast made by the Energy Information 
Administration (EIA), the independent statistical arm of the U.S. Department of Energy (DOE).3 
Figure 1 illustrates the differences in the RDI and EIA forecasts. 

Coal Plant Capacity Factor 

Finally, RDI assumes an average capacity factor of 80% for its base coal plant, which is much 
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higher than the actual operating experience for the nation’s existing stock of coal generating 
plants. According to the North American Electric Reliability Council, the average capacity factor 
for all operating coal-fired power plants in the United States was 60% from 1990 to 1994.4 The 
TAG uses a 65 % capacity factor as most representative of a “life-time levelized value’’ for new 
base-load power plants, including The NREL recalculation adopts the TAG convention of 
a 65% capacity factor for the coal plant characterization. 

When these changes are made to the RDI coal assumptions, the levelized cost of energy from the 
generic coal option is recalculated to be 5.36C/kWh, compared to the 3.82WkWh characterized 
in the CEED/RDI report and the 4.20C/kWh used by RDI in its cost spreadsheet (Table 2).6 The 
difference in the coal cost assumptions account for $8.6 billion of the $52 billion CEED/RDI 
renewables cost estimate. The full spreadsheet recalculation is provided in Table 3. 
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Figure 1. RDI and EIA forecasts for delivered coal prices 
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? 

CEED/RDI NREL 

Specific Technology Wet FGD SubcriiicaVLimestone 
Forced Oxidation 

Region Northeast Southeast 

Plant Size (MW) 400 300 

Total Plant Cost ($/kW) 956 1,195 

Average Delivered Fuel Price ($/MMBtu) 1.16 1.46 

O&M Costs 
Variable O&M (@/kWh) 0.23 0.29 
Fixed O&M ($/kW-yr) 43.48 41.48 

Average Annual Heat Rate (BtukWh) 9550 9830 

Capacity Factor 80% 65% 

Levelized Cost of Energy (@/kWh) 3.82 5.36 

Source Duke Flour/Daniel EPR l/TAG 
RDI EIA 
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NREL Case #2 - Costs of Renewable Energy Technologies 

The largest difference in the RDI and NREL cost estimates is due to assumptions regarding the 
costs of the various renewable energy technologies. Although RDI claims to have obtained “the 
most current and accurate information possible” on the cost of renewable energy technologies, 
NREL found that this was not the case. While RDI postulates a cost range of 6.8WkWh to 
27.4C/kWh for various renewables, the results of several recent utility competitive bidding 
solicitations show that many different types of renewables projects have been offered in a price 
range of 4.5WkWh to 6.0C/kWh.7 In June 1995, Northern States Power announced a winning 
levelized bid price of 3.OC/kWh for development of a 100-MW wind project.8 Furthermore, RDI 
assumes no future improvements in renewable energy costs from the high assumed values. 

In this analysis, NREL used renewable technology costs prepared by the DOE renewable energy 
technology programs .9 The DOE costs incorporate expected technology and cost improvements 
through the year 2010. Table 4 compares the DOE and RDI renewable technology cost figures. 
We reiterate here that no cost improvements were assumed for coal-fired generation because both 
EPRI and EIA generally project higher costs from advanced coal technologies. 

When the more realistic renewable energy costs and projected cost improvements are combined 
with the adjusted costs for future coal generation, the CEED/RDI renewables cost estimate is 
reduced by another $31.6 billion. Table 5 provides the recalculation results for this case. 

I 
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Wind 

Geothermal 

Biomass 

PV 

Solar Thermal 

Waste to Energy 

RDI Assumptions DOE Projections 
(1993 @/kWh) (1993 e/kWh) 

1995 
2000 
2005 
201 0 

1995 
2000 
2005 
201 0 

1995 
2000 
2005 
201 0 

1995 
2000 
2005 
201 0 

1 995 
2000 
2005 
201 0 

1995 
2000 
2005 
201 0 

6.8 
6.8 
6.8 
6.8 

8.8 
8.8 
8.8 
8.8 

11.6 
11.6 
11.6 
11.6 

27.4 
27.4 
27.4 
27.4 

21 .o 
21 .o 
21 .o 
21 .o 

9.3 
9.3 
9.3 
9.3 

5.3 
4.1 
3.9 
3.5 

5.2 
4.0 
3.8 
3.7 

8.5 
8.1 
7.5 
7.2 

21.8 
16.4 
13.1 
8.7 

10.5 
8.6 
8.1 
8.1 

8.2 
8.2 
8.2 
8.2 
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NREL Case #3 - Market Penetration of Renewable Energy Technologies 

The final calculation sensitivity relates to the market penetration rate of the different renewable 
energy technologies. It is reasonable to assume that those technologies that are economically 
competitive will penetrate the market faster than those that are only marginally cost effective. 
Also, there are initial limitations on how quickly an industry can gear up to supply its product. 

Keeping this in mind, NREL substituted more orderly technology penetration scenarios for the 
fixed market share approach used by RDI (Tables 6 and 7). The NREL penetration assumptions 
also more closely resemble the current energy and capacity contributions from renewable power 
sources. Within the combustion-oriented renewable energy group, NREL changed the ratio of 
biomass to WTE; NREL used 75/25 instead of RDI’s 50/50. Within the “naturally occurring” 
group, contributions from geothermal, wind, solar thermal, and photovoltaics (PV) more closely 
follow the EIA-adopted forecast for individual renewable technologies; RDI used a fixed 
37.5/37 .5/12.5/ 12.5 market share ratio. lo 

The change in market penetration assumptions, when combined with the coal and renewable cost 
adjustments, yields a further reduction of $9.9 billion from the CEED/RDI $52 billion renewables 
cost estimate (Table 8). This leaves a total cost estimate of $1.9 billion over 15 years to achieve 
a doubling in the contribution of nonhydro renewable energy sources to the nation’s electricity 
supply mix. 
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See Electric Power Research Institute, T A P  Technical Assessment Guide: Electricity 
Supply - 1993, EPRI TR-102276-VlR7, Volume 1: Rev. 7, June 1993. 

Also in 1991, Cincinnati Gas and Electric Company brought its Zimmer plant (1426 MW) 
on line at a cost of $2,286/kW. However, the Zimmer plant was a nuclear-to-coal plant 
conversion and thus is not reflective of coal-only construction costs. 

U. S. Energy Information Administration, Annual Energy Outlook I995 with Projections 
to 2010, DOE/EIA-0383(95), January 1995. 

North American Electric Reliability Council, Generating Unit Statistics 1990-I 994, June 
1995. 

Electric Power Research Institute, Op Cit, p. 2-2. 

Additional differences can be noted in the O&M cost and heat rate assumptions. 

These include bidding solicitations conducted by New England Power, Portland General 
Electric, and the three California investor-owned utilities. 

The wind energy bid price accounts for the net impact of the federal production tax credit 
and a state property tax levy. National Renewable Energy Laboratory, State Renewable 
Energy News, Summer 1995. 

U. S.  Department of Energy, Office of Utility Technologies, Renewable Energy 
Technology Characterizations, 1994. The one exception is WTE technology for which 
DOE cost estimates were not available; NREL used WTE plant cost data from the TAG 
and RDI’s waste fuel cost data. 

U.S. Energy Information Administration, Op Cit. 
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